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Abstract

It is the aim of the proposed research to develop digital computer simulation models for a
typical shipboard electric propulsion system, conduct dynamic analyses and determine viable
control schemes for such a system. Electric propulsion for shipboard use is being considered as
an attractive alternative to the geared diesel and gas turbine mechanical drives currently being
used in most naval ships. Prior to building an electric propulsion drive system, the dynamic
behavior must be understood and methods for controlling the system have to be determined.

A shipboard electrical system is small in size and has fewer components than a typical
commercial power distribution systen. A typical combatant ship may have three or four
generators with a combined capacity of 80-100 megawatts. Most of this capacity is used by the
propulsion motors, which for a two shaft ship will be rated in the range of 35-40 megawatts each.
These loads, which are large with respect to the generating capacity, make the analyssis of
shipboard electrical systems more difficult than typical commercial power systems. Many of the
simplifying assumptions used in the analysis of commercial power systems are not valid with
shipboard systems. This complication requires a detailed model of the entire system including the
relevant dynamics of each component.
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Chapter 1: Introduction

Electric drive systems have been used in naval ships for over 80 years. In the past,

they have been characterized by higher initial cost, lower efficiency and greater space and

weight requirements than mechanical drive systems. Their primary advantage over

mechanical systems has been the high degree of control over the propeller and the degree

of flexibility afforded to the naval architect in locating the propulsion equipment within the

ship [I].

The advent of modem power electronics for implementing variable speed motor

drives using synchronous or induction motors has made electric propulsion much more

attractive. In recent years various types of electric drive propulsion systems have been

proposed to reduce or alleviate some of the historical drawbacks of the electrical

propulsion system, especially in the area of system efficiency.

The U.S. Navy has indicated its desire to develop and produce a modern electric

propulsion system for its ships. However, the dynamic behavior of electrical networks

required for such propulsion systems is not well understood. This research develops tools

which can be used to investigate the dynamic behavior of typical electric drive systems

under various operating conditions. It also attempts to determine a viable means for

controlling such an electric drive system.
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1.1 Shipboard Propulsion Systems

The current state of the art for naval surface ship propulsion systems consists of

two diesel or gas turbine engines coupled to the propeller shaft through clutches and a

mechanical transmission. This type of propulsion system allows the use of either one or

both engines to drive the propeller. Above a certain ship speed, the ship's speed is

controlled by varying the engine speed. When it is desired to move slower than the idle

speed of the engine or to apply reverse power, the mechanical means provided to

accomplish this comes in the form of a variable geometry propeller or a fluid coupling with

reversing capability.

This configuration provides redundancy of main engines in case of battle damage

and for conducting underway maintenance. It also allows for disconnecting both engines

from one shaft, letting the shaft Itrail," and driving the ship with its other shaft to improve

fuel economy for certain ship speeds.

In mechanical systems of this type it is difficult to combine engines of different

types on the same propeller shaft. They also do not allow for cross-connecting both

propellers to one engine as is possible with older steam powered ships. Mechanical drives

also require separate prime movers to generate electricity for ship's service loads. Another

major disadvantage of mechanical propulsion systems is the necessity of providing

mechanical aligrnent between the main engines and the propeller. This requires the

engines to be located low in the ship. However, the light weight and large air intake and
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exhaust requirements of modern gas turbine engines makes it highly desirable from an

arrangement standpoint to locate them relatively high in the ship. This more efficient

arrangement of engines is only possible with an electric drive ship.

Historically, there have been primarily two types of electric ship propulsion: ac

synchronous and direct current. In standard practice, ac synchronous systems are

essentially a synchronous generator or generators directly connected to a synchronous

propulsion motor. The speed ratio between the generators and motor is a constant

determined by the ratio of poles in the machines. In ac synchronous systems control of the

ship's speed is accomplished by varying the speed of the generator prime mover. For

reverse operation, the phase sequence to the motor is reversed. During maneuvering

situations when synchronism cannot be maintained, the motor is operated as an induction

motor. This results in a low power factor that reduces efficiency. Ac systems tend to be

more reliable, efficient and lighter in weight than dc systems of the same power rating.

They are also available in larger power ratings than dc systems [)].

Standard dc systems consist of multiple dc generators connected directly to dc

motors. Commutation requirements limit both the system voltage and generator speed.

Power handling equipment such as circuit breakers limit the current. These restrictions

confine the power of dc systems to around 10,000 horsepower per shaft. This power level

makes dc systems infeasible for most naval ship applications [I].

Despite their historical drawbacks, modem electric drives have numerous

advantages over mechanical systems. Electric propulsion systems are able to be
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cross-connected and power any one or both propellers from any prime mover. It is also

possible to parallel diesel and gas turbine generators to drive the same shaft. Electric

power cables are flexible and easily routed as compared to steel propulsion shafting,

allowing the naval architect to place engines almost anywhere within the ship. The

paralleling ability of electric propulsion systems allows the use of an odd number of

engines, since the power of an engine may be split electrically between two propulsion

shafts. As naval gas turbines only come in discrete sizes, this allows the generating

capacity to be more closely matched to the load requirements. Propulsion derived ship's

service electric power (PDSS) allows the elimination of separate prime movers for ship's

service power generation. Electric propulsion systems provide more redundancy of key

components for surviving battle damage and for maintenance. All of these features of

electric propulsion systems make them very attractive at a time when fiscal constraints

make cost and efficiency a prime consideration in warship design.

1.2 Analysis of Shipboard Electric Systems

Previous research into shipboard electric power systems, references [2],[3] and [4]

has focused on developing algorithms for numerically solving the systems of equations

which describe the shipboard electrical system and determining the stability of various

components within the system. As of yet, there has been no research into the stability,

performance and control of complete shipboard electric drive systems.
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The analysis of shipboard electric distribution and propulsion systems is

significantly different from commercial power systems analysis. The assumption of

constant frequency is not valid for shipboard systems. During large transients the

freqiien1 y will vary by a significant amount from its nominal value. Electrical, mechanical

and control dynamics all exhibit similar time constants, therefore the technique of time

scale separation will not work with shipboard systems. In a shipboard system, some of the

loads are of a similar order of magnitude as the generators, thus the dynamics of that load

must be considered. Additionally, the concepts of an "infinite bus" and a "slack bus" are

not applicable to shipboard power systems. These difficulties require utilizing a dynamic

model for each major component of the system. Each of these dynamic component

models must be connected together in such a way as to properly simulate the electric

power system.

The systems to be considered are quite simple from a power systems standpoint

(i.e., one to three generators driving one or two motors either through frequency

converters or directly). By using dynamic models of each component, accurate

predictions of system performance can be obtained. However, the complexity of the

overall system using full order component models does not lend itself to analytical

solution. Therefore, digital computer simulations will be employed in the conduct of this

research, and reduced order models will be used where appropriate.

The full order model of the power system constitutes a system of nonlinear

differential equations which are subject to algebraic constraints. The algebraic constraints
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arise as a result of Kirchoffs voltage and current laws. The differential equations come

from the dynamic models of the various components. The resulting system of

differential/algebraic equations (DAE's) poses a difficult numerical problem which many

numerical simulation programs cannot handle. Various modeling techniques will be used

in order to avoid the algebraic loops inherent in DAE systems.

LS Computer Simulation Tools

A survey was conducted of various software packages to determine their

acceptability for conducting computer simulations of shipboard power systems. Some of

the programs are:

PSPICE: Simulation Program with Integrated Circuit Emphasis (SPICE) is a
program intended for circuit analysis [5]. PSPICE is a pc-based version of the
original. This program is unacceptable for the proposed research because it cannot
handle nonlinear implicit components.

SIMULAB: Simulab is a graphical interfaced general purpose program for
simulating dynamic systems [6]. It can accept Matlab M-files or C-language coded
components and can handle nonlinear implicit loops. Simulab contains several
numerical integration algorithms, however it does not include a method for solving
differential/algebraic equations. This algorithm could be hand coded into the
program as a function if necessary.

WAVESIM: This program was developed specifically to simulate shipboard
electric distribution systems [3]. The unique feature of this program is that it treats
the state variables as continuous waveforms. However, the current
implementation of WAVESIM depends on the software package MATLAB to
perform its calculations, resulting in a very slowly running program. However,
several of the component models are already in existence and have been
thoroughly validated.
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A&SL: Advanced Continuous Simulation Language, (ACSL) is a general purpose
interactive simulation program which uses a language very similar to FORTRAN
[7]. It has the ability to handle implicit nonlinear systems where it uses the
Newton-Raphson method for solution of the algebraic constraint equations.
However, it slows down appreciably when these systems are modeled.

After review of the capabilities and limitations of the above simulation programs,

ACSL was selected as the tool to perform the required simulations as it appears to be best

suited to handling the systems under consideration, and there are several component

models already written and available for use.

1.4 Control of Shipboard Propulsion Systems

The control systems for current mechanical drive ships consist of a digitally

implemented control algorithm which adjusts propeller pitch with constant propeller speed

up to a certain speed. The propeller speed is then varied by adjusting fuel flow into the

engines in an open loop fashion. The commanded speed is input with a single lever either

from the ship's bridge (primary) or from the Engineering Central Control Station (CCS)

(secondary). There is also an ability to control manually each prime mover's speed and

propeller pitch separately from the engine room. This manual control is intended only for

emergency operation.

Electric drive ships are more complicated than mechanical drive ships from a

control standpoint. In addition to controlling the power output of the prime mover, there

are several other system inputs which must be controlled. Specifically, the generator and
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motor excitation, system frequency and the electronic motor drive must all be correctly

controlled for the system to work properly.

Excitation of the generator will determine its power factor and madmum electrical

power output. This must be matched (after losses) by the power input from the prime

mover. These two variables determine the electrical power available to the system.

However, motor excitation determines the maximum torque which can be produced by the

motor. This requirement will vary depending on the speed and maneuvering requirements

of the ship [8].

In past electric drive ships, the frequency of the propulsion bus was varied to

change the ship's speed. In the modem systems which are proposed, the propulsion bus

frequency will be held constant (probably at 60 Hz.), and the motor drive will convert this

constant frequency power to whatever frequency is needed to drive the propulsion motor

at the correct speed. This conversion is accomplished through the timing of the thyristers

in an inverter circuit [9]. The advantage of this arrangement is that the fuel efficiency of

the prime mover is improved by operating it at a constant speed. This type of design also

allows the ship's service electrical load to be supplied off the propulsion bus which

eliminates the need for separate generators.

For ease of operation and commonality with existing ships, it is desired to retain a

"single-stick" control for electric drive ships. However, the additional inputs of the

electric drive require a more sophisticated control system than is presently installed on

mechanical drive ships. A closed loop system will be required to maintain the constant
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propulsion bus frequency. Similarly, the motor drive electronics will need a closed loop

controller.

1.5. Research Approach

This research studies the dynamic behavior of likely configurations of an integrated

electric drive ship under both normal and abnormal operating conditions as well as fault

conditions. Possible control schemes for these systems are also investigated for their

suitability.

The ship which will be studied is the next generation amphibious ship, known as

the LX. All major components of the propulsion electric bus will be modeled. These

include the synchronous generators and their associated prime movers, propulsion motors,

frequency converters and the propeller load on the motors. The propulsion derived ship's

service load will be modeled as a single lumped parameter constant power load (see figure

1-1). This research is divided into four major tasks. These tasks are:

I. Identify system configurations to be studied.
II. Develop computer models for system components.
Ill. Integrate component models into system models.
IV. Conduct simulations and evaluate results.
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Chapter 2: Component Models

In order to conduct simulations of an entire shipboard electrical system, it is

necessary to derive models of the various components which make up the system. This

chapter describes the various component models which make up the system under

consideration. The ACSL code for the following models is located in Appendix A.

2.1 Synchronous Machine

The synchronous machine model used in this study is based on the derivation in

[10]. This model assumes linear magnetics and sinusoidal winding distribution. There are

three windings on the stator and three on the rotor. The stator windings are the three

phase windings. The rotor windings are the field winding and the direct and quadrature

axis damper windings, which are lumped-parameter representations for various distributed

paths of current flow in the rotor. In order to generate a tractable model it is necessary to

transform the stator variables into a reference frame which is rigidly attached to the rotor

of the machine. The transformation which accomplishes this is the well known Park's

transformation, which is given by:

cose Cos 23-) Cos (e)+ 33!

"TI -sine -sin(e-•) -sin(O+3) (2.1)
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and the inverse transformation is:

cose -sine 1
T-1= 3 osO ) sne-)'(2.2)

[OS (O+T) -.sin (9 + ) IJ

fd
where, Ed,= fq =T'E.

faand, Fk fb VT-l F.F.

fe

Note that F is a vector place holder which represents voltage, cutrrent or any other

quantity to be transformed. This version of the Park transformation will be used

throughout this research.

The d and q subscripts correspond to the direct and quadrature axes, respectively.

The direct axis is aligned with the field, and the quadrature axis leads the field by 90

degrees. The zero-sequence variables are not used unless unbalanced conditions are

considered. Only balanced conditions will be considered in this research.

The synchronous machine model is given by the following set of equations from

[101:

--d = - _ + W. q +MooVd (2.3)

dt Tw

__ -W- - _+Ovq (2.4)
dt Taq Tog

is



deq xd .. q..+_-.+ . ,,_ _C 1 d(2.5)

Xd Tdo Tco Xd Tdo

ded _ q Cd . - (2.6)

x TqO TXq T

deq eq ( 2.7
- +(a-(2.7)dt Td, Td, Td,

d8 _M- W (2.8)
dit

do + (Do eV d + qC + IW (2.9)=cit l T ~-•-I -"+ •d'CN q" -1)
L xq XdXd

where the following definitions have been made:

Xd

Tad = X = Direct axis armature time constant

T,q = = Quadrature axis armature time constant

"T#a = D-axis open circuit sub-transient time constant
Tdo a -w. -rkd D-

Tqo = -= Q-axis open circuit sub-transient time constant

T& ii-=rf = D-axis open circuit transient time constant

if

Xd -- Xd

Xd - Xd

SXed
eq =-. Wf = Voltage behind transient reactance

#' Xad
= = Voltage behind sub-transient reactance

19



# xaq
ed = - -" =Voltage behind sub-transient reactance

Stator currents in the following model are given in generator coordinates by:

Wd=Cq -Xd Ad, and pq =-Cdf -Xq .lq (2.10)

The transients of interest are electromechanical ones with time constants in the

range of 0.1 seconds to 10 seconds or longer. The stator equations (2.3) and (2.4), have

eigenvalues on the order of 0.0026 seconds (1/.o). Since integration routines used for

computer simulation typically require time steps smaller than the smallest eigenvalue in the

system, including the stator transients and resistance requires a high overhead in

simulation time. Neglecting stator transients requires making the following assumptions:

d 1 1 These assumptions are valid under balanced conditions for all times
dt' Td' Tq

and frequencies which will be studied herein. These simplifications are common practice

when simulating electrical networks [II]. After making these approximations, equations

(2.3) and (2.4) reduce to:

Vq = OD -Wd , andVd=-G-" Wq (2.11)

Substitution of(2. 10) into (2.5), (2.7), (2.9) and (2.11) yields the following model:

vd=(e+x.iq) " (2.12)Vd= d + q • iq

Vq = (eq"-Xd" id) "OD2.3

deq • e q (d - d (.4

20



dee __4 \Ibdq-- =-- + -1 .iq (2.15)

dt #

T Vo T Vo

de, q -. +(-) -, +- (2.16)
dt T& T&o T&

0-0.(2.17)dt

ji = [TeCeiq idq WO) (2.18)
dD q (x a q

For the generators which operate near rated frequency, the additional assumption

of w 0D can be made. This modifies the above motor model by eliminating the factor of

'D from equations (2.12) and (2.13). By using the D and Q-axis currents as inputs, this

form of the model is most useful for system studies.

2.2 Frequency Changer

A solid-state frequency changer is used to supply variable frequency AC power to

the synchronous propulsion motor while the bus frequency is held constant. The

particular frequency changer used in this study is a DC-link load commutated controlled

rectifier-inverter. The derivation which follows is similar to those found in references [9]

and [12]. Figure 2-1 shows the circuit configuration of this device. Notice that the

converter is symmetric about the DC-link, thus only the inverter side need be analyzed.

The equations of the rectifier are identical with appropriate substitution of variables. If the

DC-side voltage and current are considered constant and instantaneous commutation is

assumed, then the AC-side waveforms are as shown in figure 2-2. The two thirds cycle
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pulse wave current waveform shown is somewhat idealized. The actual current wave

pulses will exhibit a finite rise and decay time which is associated with the inductive

elements in the AC side of the converter. This is known as commutation overlap. In the

interest of creating a more tractable model for system studies, the commutation overlap

effect will be neglected, which is consistent with other models for system level studies

[12]. The currents can then be represented by their Fourier series:

2is L[sin(mt- •i)-_1sin5(it-pi)--sin7(at-pi)...

ic = c -sin(w-t+ 2"-f ) - sin5()t+ -f3) -4sin7()t+.-oi)

Transforming these currents into the rotating reference frame of the motor using eq. (2. 1)
gives: iv = -.2 -4-I sin Pi (2.19)

iq = .2-o- P (2.20)

with harmonic components neglected.
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Figure 2-2
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The voltages across the bridge may be related using the average value voltage equation

[11]:

347.
Vi = "-"-i cosai (2.21)

where: Epi = 4v. (2.22)

ai = 3i (2.23)

A similar analysis on the rectifier yields:

2,/-3
id = - -I cos P, (2.24)

247F
ig, = --=t-I& "sin Pi (2.25)

34F3
Vr = - " cos ar (2.26)

Er = 4vdr + (2.27)

ar = Or (2.28)

Writing KVL around the DC link and solving for the time derivative results in the one

state equation contained in the frequency changer model:

dI& = 1 [Vr+Vi -I•. (2.29)

Equations (2.19) - (2.29) constitute the rotating reference frame model of the dc-link

frequency changer used throughout this analysis. This model inputs ac side voltages and
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outputs ac side currents. The rectifier and inverter firing angles, which control the

converter are also inputs to this model.

2.3 Voltage Regulator

The voltage regulator model is a standard PI type controller which varies the field

excitation of the generator in response to changes in terminal voltage. The terminal

voltage is calculated from the d and q-axis voltages as:

VT= = 4v + V,

The regulator dynamics are given by:

E___ KE___= - (2.30)
V,;--VT C S+I

Where: V,, = Reference terminal voltage
E.= = Generator field excitation
K = Voltage regulator gain
- = Voltage regulator time constant

Satisfactory values of K and T have been determined to be 100 and 0.1,

respectively. This model also includes a limiting function on the value of Ef. The inputs

to this model are the D-axis, Q-axis and reference terminal voltages. Its output is the field

excitation.
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2.4 Induction Motor

The vast majority of the ship's service electrical load on any ship consists of

induction motors which power various pumps, fans and other equipment. In order to

simulate the effect of a large transient in the ship's service load an induction motor model

was developed from the derivation contained in [ 1I]. The equations describing the

induction motor in the synchronously rotating reference frame are given by:

-- & = CoD (Vd - r,. ids + Wqs) (2.31)
dt

--•, = (Do (vq - r.*-ip - W&)O (2.32)

dt I

d___ _ 8. rr
S= (Woo - (Dm)" - qr + • "(/md - q/dr) (2.33)

dt") (2.34)

--d =-(T, + Tm) (2.35)

nWd = Xad,-. + Xddr) (2.36)

O q +,q . /gry (2.37)
i/ = x~-I•- T•

1• X/. , - Wm,) (2.38)

iqS = 1(q/ - WJ) (2.39)

To = (/& - iq, -Wqs-i6) (2.40)

where: wd. = D-axis stator flux linkage
W/p = Q-axis stator flux linkage
w, = D-axis rotor flux linkage
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Wq, = Q-axis rotor flux linkage
W.d = D-axis mutual coupling flux linkage
Wmq = Q-axis mutual coupling flux linkage

The inputs to this model are the terminal voltages and mechanical toque, the

outputs are the terminal currents and rotor speed. Stator transients are included in this

model to eliminate algebraic loops. Primarily, the dynamics of interest are the rotor

transients.

2.5 Ship's Service Load

Since one of the objectives of this research is to simulate an integrated electric

drive ship, it was considered necessary to include the ship's service load. This was

developed as a constant power load using the concept of complex power [ 12]. In

complex form, the power in the rotating reference frame is given by:

AA

P +jQ = V .+ = (Vd +jVq) (id-jiq) = (Vdid + Vqiq) +j(Vqid - Vdiq) (2.41)

Solving for id and iq yields:

id = VdP qQd = vqP - vdQ (2.42)
I vv +V2

Vd q dVq

This results in a model with voltages as inputs and currents as outputs. P and Q are input

parameters which are set to desired constants. For a more realistic loading which varies

randomly about a mean, P and Q can be made random variables instead of constants.
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2.6 Diesel Engine

Typical models of diesel engines for engine analysis found in the literature include

the dynamics of the combustion process, as well as the thermodynamic and heat transfer

aspects to the engine. This type of model is much more complex than is necessary for the

present purposes. Towards that end, an empirical model was developed which models the

torque output of the engine as a function of the fuel rack position, engine speed and load.

The model which was developed is based on similar ones by Woodward [14],

Hendrics [15] and Fowler [16]. It consists primarily of an engine map (fig. 2-3) which

determines the relationship between speed, torque and fuel rack position and the

appropriate time delays. The time delays considered in this model are the fuel injection

delay and the turbocharger lag.

If the engine receives a step change in its fuel rack position, the fuel injection delay

arises because the change in fuel entering the cylinders does not occur until two complete

revolutions of the crankshaft (for a four stroke engine) have occurred. According to

Woodward [14], if the speed is not varied over a wide range this delay may be

approximated as:

Cf = R0 120, seconds (2.43)

where, N = Engine speed (RPM)
Q = Number of cylinders
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Since this engine model is to be used as a generator set, it will not see a wide range of

speed variation and this type of delay can be considered adequate.

It would be desirable to use a "compressor map" which represents the pressure

ratio and efficiency of the turbocharger compressor as a function of mass flow rate and

turbocharger speed for modeling the turbocharger dynamics. However, this information

was not available from the manufacturer. Instead a first order lag time constant was

developed which resulted in the proper time scale behavior of the engine. This is similar

to that used by Fowler [16]. Taylor [17] indicates that the time lag of a turbocharger is

inversely proportional to the power output of the engine. The turbocharger lag is given

by:

SK T (2.44)
(T. +1)

where, KT- Empirical Constant
T" = Engine output torque

These two time delays are then summed together to produce the total time lag in

output torque exhibited by the engine. The resulting dynamics resemble a first order lag

with a variable time constant. Unfortunately, dynamometer test data was not available for

this particular engine, so a quantitative evaluation of the model was not made. However,

the speed and torque response characteristics of this model compared favorably with those

of [25] and [26] on a qualitative basis.
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2.7 Diesel Engine Governor

In order to use the diesel engine as a generator prime mover, a speed regulating

governor was developed. The diesel engine model described above uses the fuel rack

setting as its control input. The governor which was developed is a PID type controller

which acts on an error signal created by comparing the actual shaft speed with the desired

speed of the engine. Its output is the fuel rack position. The governor can be represented

as:

u ks (2.45)•i Ts+1

where: u - fuel rack position
e = speed error signal
k = controller gain
-= controller time constant
s = Laplace operator

The PID controller was chosen over a PI controller due to the slow response of

the diesel engine which can be attributable primarily to the turbocharger dynamics. When

tuned to the particular engine being used, the gain and time constant values were

determined to be 2 and 0.2 respectively. This model also includes a-limiting function

which only allows the fuel rack position to vary from zero to one as would be the case in a

real engine.

2.8 Gas Turbine Engine

The gas turbine engine model that was used has been provided to the author by

code 2753 of the Naval Surface Warfare Center (NSWC) detachment Annapolis, MD. It
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is based on a detailed thermodynamic model of the General Electric LM-2500 marine

engine which was developed using manufacturer's test bed data. This model consists of

four parts:

1) The gas generator and power turbine module characterizes the two rotating

shafts in the engine. When the compressor inlet temperature, pressure and fuel

flow rate are input, this model calculates the torque and speed of both the free

turbine which drives the compressor and the power turbine which drives the output

shaft.

2) The main fuel control module simulates the dynamics of the fuel system on

the engine. It calculates the fuel flow rate as a function of compressor inlet

temperature, discharge pressure, speed and power level angle (PLA) actuator.

3) The free standing electronics enclosure (FSEE) module models the

dynamics of the controller which is supplied as part of the engine installation. It

determines the PLA as a function of throttle input command, power turbine shaft

speed and inlet pressure and compressor inlet temperature and pressure.

4) For use as a generator, a limited PI type controller is used to maintain the

power turbine shaft speed at a constant 3600 rpm.

With the exception of the speed controller, all of the modules use lookup tables to relate

the input and output variables. The lookup tables are based on manufacturer's

performance data from a real engine. Configuration and operational details of this engine

can be found in reference [18]. Although this model is more detailed than actually
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required for the control studies conducted herein, it is a proven accurate model of the

most common gas turbine engine found in U.S. Navy ships. In order to eliminate

duplication of effort, this model was used without changes.

2.9 Mechanical Load

A simple polynomial type mechanical load was used during the software testing

phase to apply a load to the various prime movers and electric motors. This load is

represented as:

T=a.m2 + b rn + c (2.46)

where: T = load torque
( = per unit rotational speed
a = coefficient of speed squared term
b = coefficient of linear term
c = constant term

The coefficients are varied as necessary to exercise the model. This was written primarily

as a convenience to allow running various loading conditions without recompiling the

computer model being tested. The speed squared term allows the simulation of ship

propulsion or fan loading on electric motors.

2.10 Ship Seaway dynamics

The ship seaway dynamics model was also provided to the author by code 2753 of

NSWC Annapolis. This program models the propeller and hydrodynamic characteristics

for a ship hull moving through the water in one degree of freedom. The hull resistance,
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the propeller torque, and the propeller thrust characteristics have been per unitized. The

characteristics, torque and thrust are represented as finctions of per unit ship speed and

per unit propeller shaft speed. The ship hull resistance finction is characterized using a

IOth order polynomial to fit the actual ship's data. This model also includes the friction

torque function for the propeller shafts associated with the ship hull. The inputs are shaft

speed in RPM on both shafts and the outputs are the shaft torque values. This model also

allows the inclusion of a seaway loading on the propeller. This is a very important feature

since the time varying torque on the propulsion motors significantly complicates the

control problem. This will be discussed more thoroughly later. This model has also been

validated so it is used without change.
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Chapter 3: Interconnections

To simulate a complete electric propulsion system, it is necessary to connect the

various component models together so that the simulation model resembles the actual

system. Assembly of the computer model requires adherence to both the physical laws

which describe the system as well as constraints imposed by the numerical implementation

of the models on the computer. Since the physical system's electrical components ar

interconnected by transmission lines and switchboards, it is first necessary to develop a

model for the transmission line. Switchboards are treated in the simulations as lossless

switches and any losses that may be associated with the switchboards are lumped into the

transmission line models.

3.1 Transmission Line Model

The transmission line model used in all analyses is simply a balanced three phase

series R-L element as shown in figure 3-1. The voltage drop across the transmission line

is:

YI - 2 = dL+R.I (3.1)

Where:

I vbl -V vb2 , = ib
Lv2l v i]

I mm rO00

and, L= m I ,R= 0r0 .

Lmm 100r
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The off-diagonal terms in the inductance matrix represent the mutual coupling between the

phases. Transforming this into the rotating reference frame using equation (2. 1) yields:

x did q__
Vld - V2d = tD" " " -0 X iq +r- id (3.2)

V*q - V2q = -2• diq + -2- X id + r. iq (3.3)V V o dt (Do

Where:x=oo (1-m)

Balanced Three Phase

Transmission Line Model

iar 1

val Y Y v a2

ib
r

vbl \A " vb2

ic

rvel Y Y vc2

Figure 3-1

Shipboard transmission lines tend to have very small resistance values in

comparison to commercial distribution systems, primarily due to their shorter length. For

this reason the resistance terms in equations (3.2) and (3.3) can be neglected without loss
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of accuracy. Similarly, since x is small and d << D, eo for the time scale of interest, the

transformer voltage terms may also be ignored leaving only the speed volt,,ge terms. For

the transmission lines that operate at bus frequency, we can further assume that a) w m.,

which is the approach taken in [12]. The reduced order transmission line model then

becomes:

V 14 -V V =X-iq (3.4)

Vlq-V2q= X'id (3.5)

This model is used to interconnect generators and loads via the main propulsion bus.

3.2 Physical and Numerical Considerations

The electrical component models must be interconnected such that Kirchoffs

voltage and current laws (KCL and KVL) are obeyed. As mentioned previously, this leads

to algebraic constraint equations in addition to the state equations contained in the various

component models.

Besides these physical constraints, when modeling the system on the computer all

variables must be explicitly calculated as a function of other variables somewhere within

the simulation. Put more simply, every variable must appear on the left hand side of the

equals sign exactly once in the simulation. As a result of this constraint, each component

model has certain inputs and outputs. When connecting two models together, this

input/output relationship must be taken into account, in addition to satisfying KCL and

KVL.
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In the case of two components connected electrically, it is very straightforward to

satisfy the numerical and physical constraints simultaneously. If one component uses

voltage as its input and calculates its required current from that voltage, and the other

component uses current as its input and calculates a terminal voltage from its terminal

current; then by setting the terminal currents and voltages of the two components equal to

each other all constraints are satisfied. This assumes that the terminal variables of at least

one of the components are related through one or more state variables. This is the case

when the frequency changer model is connected to the synchronous motor model. The

motor inputs currents and outputs voltages, whereas the frequency changer inputs

voltages and outputs currents. Furthermore, the frequency changer's AC side current

output is a function of the DC-link current (a state variable) and the thyrister firing angle.

The problem becomes more difficult when three or more components are to be

interconnected.

With multiple components connected to the same bus, the difficulty of the problem

depends on what the input and output variables of each component are. In general, for a

bus KCL can be written as: (d-axis, q-axis is similar)

idgI +ido+".+idp =id +id2+".id.i (3.6)

where there are n generators and m loads attached to the bus. This can be solved for any

one of the currents if all the other currents are known (i.e., outputs of their respective

component models). Equations (3.4) and (3.5) can be used to relate the terminal voltage

of each component to the bus voltage. This represents a set of 2*(n+m+l) equations with

38



2*(n+m+l) unknowns. The easy solution to this problem is when there is exactly one

component attached to the bus which inputs current and outputs voltage. In this case

equation (3.6) can be solved for that component's currents, and its corresponding

transmission line voltage equations can be solved for the bus voltages. Once the bus

voltage is known, the terminal voltages of all other components can be calculated directly.

This is exactly the case that occurs in the systems simulated with one generator operating.

In the case of multiple generator operations, the bus configuration has numerous

components (the generators) which require currents as inputs All load models have been

configured with voltages as inputs. Equation (3.6) can no longer be explicitly solved since

it has several unknown quant;ties, so another method for determining the bus voltage and

generator currents must be found.

One approach is to modify the transmission fine equations for all generators except

one. This is accomplished by solving equations (3.2) and (3.3) for the time derivatives,

making the currents state variables. Although this method can be made to work, it

introduces a set of very fast eigenvalues that control the time step size of the simulation.

It also is very sensitive to the transmission line impedance value and tends to introduce

numerical instabilities into the system. Because of these difficulties, this method was not

chosen to conduct two generator simulations.

Another approach is to use equations (2.12)-(2.18) with currents as inputs for one

of the generators, and equations (2.3)-H2. 10) with voltages as inputs for the other

generators. This reintroduces the stator transients into the system for all the generators
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except one, and is similar to the above method. While the stator transients are fast

eigenvalues, they are not nearly as fast as those introduced by the transformer voltages in

the transmission line. However, this method also seems to suffer from numerical stability

problems of unknown origin. This method was not used for conducting two generator

simulations.

A third approach is simply to solve the set of transmission line and stator voltage

equations implicitly along with the current equations. ACSL has a built-in function to

solve this type of implicit loop based on the Newton-Raphson method for solving

simultaneous equations. Although the Newton-Raphson method in general is not always

convergent [19], in this case the set of equations which must be solved is linear and no

convergence problems were encountered. This method of solving the algebraic loop is

preferred, and was used for all two generator simulations.

Since the system of equations is linear, it would also be possible to explicitly solve

the system by collecting the equations together into a single vector equation and inverting

the coefficient matrix. Although the matrix inversion would probably be faster than the

implicit solution, ACSL doesnI handle matrix operations very eloquently. The result of

this approach is that the object oriented structure of the simulation models would be

compromised.

A fourth method for breaking the algebraic loop is simply to leave the loop in the

simulation. This allows the computer to calculate the variables algebraically in the

sequence in which they occur in the simulation. For example, given:

vtJ = f(i5,) and i., = f(v,0.
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the simulation calculates these variables at each time step as:

V 81 -" .i n .1 =.~j~ ,

This is effectively a first order Euler integration of v and i. According to Crandall [20],

the error of this method is on the order ofh (the step size), which is kept below .01

seconds in the simulations. If the variables v and i are on the order of one, then this

method is considered accurate enough for the purpose at hand. The ship's service load

model described in chapter 2 uses this method to calculate its required current from its

terminal voltage. The ship dynamics model also uses this method for calculating ship

speed when a seaway is invoked.

3.3 Per-unitization

All the electrical models described in chapter 2 have been per-unitized. The choice

of base values for per-unitization is arbitrary, but is usually selected to be the rated voltage

and power when working with a single component. When several components of different

ratings are connected in a system, one common base must be used throughout the system.

For this research, this common base was chosen to be the rated values for the propulsion

motor.

In the actual system, the voltage must be the same throughout or transformers

must be supplied to connect components which operate at different voltages. If the base

voltages are chosen in the same ratio as the transformer turns ratio for two components

connected through a tasformer, then the ideal transformer can be eliminated from the per
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unit model of the system [21]. However, since the currents are related across a

transformer by the inverse of the turns ratio, the currents in the per unit system must be

converted from one base to another. The per unit base conversions are given by:

VAb,•
VApu2 = VAm. VA j, (3.7)

VM =VM, Vbmcs (3.8)
Vbm,14

IpU,2 = IpI Vb4.. VAb.,. (3.9)C ~s~ VAb.M
l(Vb.2 2 Ibme.2"'•

Zp.2 = Zp,,.l .•-V-) V (3.10)

Equation (3.9) is used to convert the terminal currents of the generators to the propulsion

motor base in all simulations.

3.4 System Configurations

There are two configurations which have been considered during this research.

They are both based on the system outlined in figure l-1. The first system, known as

"system I" uses only one generator to provide electrical power. It is represented

schematically in figure 3-2. The interconnection equations for this system are:

2.g i- 2 *~ +~ir (3.11)2dl - kisi +ld

2 2 i4,i + q1n (3.12)
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vam = ve + iqrj • x (3.13)

Vqm = VqSl - ir- Xkl (3.14)

vdl = v•. + iqrV" xfl (3.15)

Vqrl = vm - il f. Xrl (3.16)

Where: ki,., = per unit base conversion factor for generator #1.

Note that the value of x, has been taken as zero since the reactance of this transmission

line can be accounted for in the power factor of the ship's service load.

System #1: Single Genemtor

F'iguie 3-2
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i,• = (2 i- + ip - ig.2kii8 1) (3.24)

Where: kiO, = per unit base conversion factor for genemrator #2.

Both of the system simulated for control studies use only one propulsion motor I

frequency converter combination. This simplification was made to reduce computing time

as all simulations were carried out on a personal computer. To properly simulate the load

on the generators, the rectifier curents have been multiplied by a factor of two in

equations (3.11), (3.12), (3.24) and (3.25) above. The only constraint placed on the

system by this simplification is that maneuvering situations where each shaft is turning at

different speeds (or directions) cannot be simulated. It is not necessary to simulate such

situations for the present studies, however it is a simple progamming change to add the

second propulsion motor if such studies are undertaken at a later date. To verify this

capability, some simulations were run with two propulsion motors attached to the bus with

no problem encountered. The results of these simulations are presented in appendix C.
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Chapter 4: Control Studies

With system modeling completed, it becomes possible to study the dynamic

behavior of an integrated shipboard electrical drive and power distribution system. The

aim of conducting control studies is to determine in general what type of controls are

necessary to stabilize the system and provide adequate performance from an operational

standpoint.

4.1 Inputs and Outputs

As mentioned in the introduction, there are several control inputs to the system.

The primary controls are:

"• Generator prime mover fuel rate.
"* Generator field excitation.
"* Motor field excitation.
"* Rectifier and Inverter thyrister firing angles.

In addition to these controls there are other inputs which affect the system such as sensor

noise and plant disturbances. The most significant form of plant disturbance is sea state

induced variation in ship speed. This is the only disturbance which will be treated in this

preliminary study. Sensor noise will not be addressed herein.

Additionally, there are several observable outputs of the system. The outputs

which we are interested in controlling are:

"* Bus voltage.
"* Bus frequency.
"* Motor torque.
"• Motor speed.
"* Ship Speed.
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4.2 Voltage and Frequency Control

The prime mover fuel rate is used to control system frequency. This is

accomplished by the speed governor. I he voltage regulator uses the generator field

excitation to control the bus voltage. Both of these variables are controlled in closed-loop

fashion by the simple P-I type controllers described in chapter 2. The objective for

controlling bus frequency and voltage is to maintain both at their constant set point values.

For U.S. Navy ships, the requirements for electric power generation are found in

MIL-STD-1399. Table 4-1 summarizes the voltage and frequency requirements contained

therein.

Frequency Voltage

Nominal 60 Hz 440/115 Volts

Steady StateTolerance +3% +5%

Transient Tolerance +4% + 16%

Worst Case Excursion + 5.5% + 20%

Table 4-1

4.3 Control of Inverter fed Motor

The propulsion motor speed and torque, and consequently the ship's speed are

controlled by the rectifier and inverter firing angles and the motor field excitation. The

following sections describe various schemes for controlling the propulsion motor I

frequency changer combination.
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4.3.1 Open Loop Volts/Hertz Control

This method of control is the one method true synchronous operation with an

inverter-fed synch.r".ous motor. In this method of control, the inverter frequency is a

control input which uniquely determines the machine speed. As the load torque changes,

the electromagnetic torque is developed by changes in the load angle 8. This is analogous

to the operation of a synchronous motor attached to a conventional constant frequency

supply. This type of control is used in voltage-fed inverters where the terminal voltage of

the motor can be controlled in proportion to the supply fiequency. By maintaining a

constant volts/hertz ratio at the motor terminals, the airgap flux of the machine remains

constant and maximum torque is developed at all speeds.

The main advantage of this method is that accurate control of machine speed can

be achieved at all speeds. This control method is commonly used with permanent magnet

and variable reluctance machines. Open loop control is not suitable for applications with

high dynamic performance requirements, and consequently is not considered for ship

propulsion applications (9].

4.3.2 Self-Controlled Synchronous Motors

This type of motor is also known as an electronically commutated motor (ECM)

or a brushless dc motor because the torque-speed characteristics of the motor are similar

to that of a mechanically commutated dc motor. The inverter bridge replaces the

mechanical commutator, making the terminal characteristics at the dc side of the inverter

identical to that of a mechanically commutated motor.
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The self control method is a dosed-loop scheme where the inverter frequency is

slaved to the rotational speed of the motor. This is accomplished by the use of a position

sensor on the motor to generate the inverter firing pulses. Some systems have replaced

the position sensor with algorithms which determine the rotor position from the terminal

voltages of the motor [22]. By using the rotor position to trigger the inverter firing, the

motor cant fall out of step with the supply. This type of control is applicable to voltage or

current-fed inverters as well as cycloconverters. Permanent magnet, variable reluctance or

conventional wound rotor synchronous motors may be controlled in this manner.

In high power applications such as ship propulsion, this method is most commonly

used with the LCI-fed synchronous motor. The electromagnetic torque of the motor is

directly proportional to the dc-link current in this configuration. The motor speed is

determined by the balance between the electromechanical and load torques.

Consequently, the control system usually consists of a two-loop arrangement with the

inner torque control loop controlling the dc-link current and the outer loop controlling the

speed of the motor.

The rectifier firing angle is the control variable which is used to control the dc-link

current. The field excitation of the motor is controlled to maintain a constant airgap flux,

providing constant torque output for a given current level. This arrangement is pictured

schematically in figure 4-1.

The load commutated inverter is most commonly found on high power

applications since it is simpler in construction and exhibits lower power losses than forced

commutated inverters [23]. It is limited by the fact that it requires the motor to operate at
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a leading power factor to ensure thytister commutation. Additionally, at low speeds

(below about 10% of rated) the back EMF generated by the motor is insufficient to ensure

thyrister commutation and some method of forced commutation must be employed. The

simplest method of accomplishing this without introducing additional circuit elements is to

pulse the dc-link current on and off. This does produce large pulsating torques, but in ship

propulsion applications, that is not considered to be a serious drawback.

Self-Controlled Synchronous Motor Drive
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Figure 4-1

While the rectifier firing angle is used to control the motor torque, the inverter

firing angle can be used to control the position of the stator current waveform relative to

the stator voltage, thus controlling the power factor. This is known as constant margin
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angle control and is one of two control schemes used in the simulations for control of the

inverter firing angle. The other is simply to keep the inverter firing angle constant.

Obviously, the constant firing angle control is easier to realize, however the

constant margin angle control offers several advantages. With constant margin angle

control, the inverter firing angle and field excitation are controlled in unison to maintain

the stator flux at a constant value as shown in figure 4-2. By maintaining the flux

relationship shown in this phasor diagram, the leading power factor required for load

commutation is ensured under all load conditions. This is not the case with constant firing

angle control. Also, with constant firing angle control the power factor angle becomes

quite large in the lightly loaded condition. This causes excessive VAR loading on the

inverter [9].

Phasor Diagram of Synchronous Motor
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4.3.3 Vector Controlled Synchronous Motors

This type of control is also known as field oriented control. Vector control

de-couples the field current from the torque component of stator current as is the case in

mechanically commutated dc machines. This can be accomplished on an electronically

commutated machine by operating at unity power factor. Since the LCI drive requires a

leading power factor to ensure thyrister commutation, vector control is not possible with

the LCI drive [23].

The primary purpose of using vector control over a self-controlled machine is to

provide faster time response. For ship propulsion applications, the improved response is

not needed because the ship dynamics are slower than the electrical dynamics and are the

controlling factor in determining the motor's speed response. For these reasons, this type

of control was not considered for use in the present simulations.

4.3.4 Motor Control for Ship Propulsion

All of the control schemes outlined above have been developed for applications

where precise speed control of the motor is required. Precise speed control of the

propulsion motor is not required or even desired in shipboard applications. This is due to

the nature of the loading on the motor. The motor sees a load torque which is a quadratic

function of speed in the steady state, but varies about its mean value as the ship encounters

waves. This variation in loading is caused by the ship motions in the seaway and can

become very significant in heavy sea states.

One approximation for this loading is used in the ship dynamics model described in

chapter 2. This approximation assumes a single frequency sea induced sinusoidal variation
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of the ship's speed. While this is a crude approximation at best, it does manage simulate

the major influence the seaway has on the propulsion system, that of the time varying

nature of the ship's speed as it traverses over large ground swells. This approximation

does not account for any propeller racing which sometimes occurs as a result of the ship's

pitching and rolling in a heavy sea state. It also does not account for the random nature

and many frequencies of waves which make up a seaway.

Figure 4-3 shows a simulation run with a standard self-controlled synchronous

motor drive system. The outer speed control loop uses a P-I type controller to maintain

the motor speed. Note that the sinusoidal variation in ship speed shows up in the trace of

motor torque. This variation propagates back through the electrical system causing a

similar variation in the generator loading. Another simulation run with a different wave

frequency was able to excite one of the natural modes of the gas turbine engine and cause

a frequency oscillation as well. With this type of loading on the propulsion motor, it

would be difficult if not impossible to maintain the power requirements in table 4-1 even in

the steady state.

One solution to this problem would be to adjust the gain and time constant on the

speed controller so that the sea induced load variation is faster than the response of the

controller and would be attenuated as noise. The problem with this approach is that this

requires a time constant on the order of 30+ seconds which would result in a very sluggish

response to changes in the commanded speed input from the ship's bridge. On

supertankers or Navy re-supply ships this type of response may be tolerated, however it is

expected that combatant ships be able to stop and change speeds quickly.
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To solve this problem of conflicting requirements, a two mode controller was

developed which has a sluggish low gain band in the vicinity of zero speed error and a fast

high gain response outside of this band. The low gain region allows the motor speed to

vary in response to the sea induced loading variations while minimizing its effect on the

main electrical bus and generators. The high gain region ensures a quick response to

operator input. Figure 4-4 shows a block diagram representation of the two mode motor

control used in the simulations. Figure 4-5 shows the response of the two mode controller

to the same loading condition as that of figure 4-3. The two mode controller was used for

all subsequent simulations.

Two Mode Ship Speed Controller

G - Oi Ac--upp-

e.sTs. j -4,. Sp e , ,. 'r
- - a eo t con tm. Rectirt Moto

Figure 4-4
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Chapter 5: Results and Conclusions

5.1 Simulation Results

Numeos simulations were conducted to verify the operation of the compute

models and to evaluate the proposed control schemes. Both of the two systems outlined

in chapter 3 were evaluated with similar results. The following sections describe some of

the specific simulation runs. Complete graphical results are located in appendix D.

5.1.1 Two Generator Ship: Acceleration From Rest

In this run, the ship is simply accelerated from rest to a speed of 0.9 per unit.

After running the simulation for 15 seconds to settle out the gas turbine sped, the shaft

speed input setting is changed from 0.05 per unit to 0.9 per unit. This change in desired

speed setung causes the dc-link current to increase to its maximum value, followed by the

motor terminal currents. The motor speed rises to about 0.5 per unit in 4-5 seconds, then

it accelerates at the same rate as the ship speed increases as shown in figure 5-1.

Similarly, the motor terminal voltage builds up with the motor speed. This is what would

be expected given the form of the motor and ship dynamics models. The two mode

control switches into the "fast mode" when the input command is give It switches back

to the slow mode when the motor speed error is reduced to the threshold value of 0. 1 per

unit. There is no seaway invoked for this simulation.
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5.1.2 Two Generator Ship: Moderate Sea State

This simulation was described in chapter 4. Currently, the threshold value for the

switch from "fast mode" to "slow mode" has been optimized for the moderate sea state

conditions in the ship dynamics model. In actuality, this threshold would be made

somewhat larger to allow the ship to operate at steady state in any sea without the control

system switching into the "fast mode".

The threshold value is now simply a constant value of speed error. Because of the

low gain in the "slow mode", the system has a large steady state error which at lower

speed settings becomes quite significant. A different technique would be to make the

threshold value a constant fraction of the current desired speed setting. The above

simulation was repeated after making this modification. The results at low speed settings

showed improved steady state error, however at higher speed settings the system would

switch back and forth between the fast and slow modes. With a little fine tuning of the

constants, it is believed that this technique would work quite well.

5.1.3 Two Generator Ship: Crashback

"Crashback" is the name given to the event that occurs when the ship is traveling

ahead at a high rate of speed and reverse speed is ordered. This is the equivalent of

slamming on the brakes in an automobile, and is an important measure of the maneuvering

performance of the ship. It is also the harshest transient on any drive system, mechanical

or electric. This was the most difficult simulation to run since it involved making a

sequence of events occur in logical steps with the only input being the change of the speed

input command.
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This simulation begins with the ship operating at a steady speed of 0.9 per unit. At

T=l 15 seconds, the speed setting is changed from 0.9 to -0.5 per unit. First, the rectifier

firing angle is set to 90 degrees which causes the do-link current to decay rapidly to zero.

When it reaches zero, the inverter firing angle is also set to 90 degrees. This is done to

keep the terminal voltage of the motor from reversing the dc-link current. These actions

effectively isolate the motor from the propulsion bus.

Next, a braking resistor is applied across the terminals of the propulsion motor.

This is initially set to a conductance value of 1.5 per unit. In figure 5-2 this can be

identified by the first peak in motor torque and current. The motor rapidly slows to about

0.2 per unit speed, then decays slowly. When the terminal voltage decays to 0.3 per unit,

the conductance is changed to 5.0 per unit causing the second torque peak and speed

drop. This configuration is held until the motor speed drops to 0.04 per unit.

At this time the phase sequence of the inverter is reversed and the rectifier and

inverter firing angles are returned to their normal controlled values. This action causes the

third torque spike which stops the motor and causes it to reverse directions. As the motor

continues rotating in reverse, the ship eventually stops and reverses direction also. This is

also evidenced in figure 5-2.

This simulation run illustrates very well the difficult requirement of controlling this

type of system such that the operator only has to give a single input to achieve the desired

result. The controls demonstrated here are still quite rudimentary, however. The torque

trace in figure 5-2 shows that the motor is over-torqued when the braking resistor is

engaged and when its value is changed. A better method would be to use several steps of

61



Two Generator Ship
Two Mode Speed Control

co Crashback test

DC-link Curre
[per unit] ____ __ _ _ _

Motor
Torque [per unit]

"zo

Motor 0 !
Speed [per u3it

Ship Spewd • _

[Per urni] -'

S' 0 148 Time86 [secon 4 62

Figure 5-2

62



Two Generator Ship
Two Mode Speed Control
Crashback test

Motor Q-axis
Current
[per unit]

N

Motor Q-axis -_

Curtaen

[punit] )
0

Motor D-axis

Voltage C3
[per unit]

Fiure 5-2 (continued)

63



resistor values to prevent this over-torque problem. A more sophisticated system would

use the power generated in slowing the propulsion motor to supply the ship's service load

by feeding it back to the bus through the frequency changer. This has been discussed at

the concept level in conjunction with pulsed power weapons. The current simulation

models are capable of simulating this mode of operation given the proper control system.

Another feature which has not been looked into is limiting the rate at which the motor

load is removed from the bus. Currently it is removed instantaneously which can cause a

generator over-speed shutdown if the generator is highly loaded [24].

5.1.4 Two Generator Ship: Generator Failure

As the name implies this run simulates the results when one of the two generators

is tripped off-line. Ac•ually, this consists oftwo different runs. The reason for this is that

the results are quite different for the two situations. In both cases generator #2 is

disconnected from the bus, causing generator #1 (the gas turbine generator) to pick up the

entire propulsion and ship service load.

In the first run, the speed input is set to 0.5 per unit. At T=15 seconds the

generator #2 breaker is tripped, causing generator #I to take the entire load. In this case,

the combined propulsion and ship's service load is less than the capacity of generator #1,

which successfully picks up the entire load as generator #2 shuts down. Notice in figure

5-3 that the motor variables are effectively constant during the entire period of transition

from two to one generator.
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In the second run the speed is set to 0.9 per unit. Again, generator #2 is tripped

off-line at T=I 5 seconds. In this case, the power demanded by the propulsion motor and

ship's service load is greater than the capacity of generator #1. The torque trace in figure

5-4 shows the over-torque condition which results on generator #1. This over-torque

condition causes a power turbine over-temperature shutdown of the gas turbine 3.18

seconds after the first generator failure. In this load condition, a one generator failure

degrades into a two generator failure causing the entire ship to lose electrical power. This

is obviously not an acceptable result. What is required to eliminate this problem is a

supervisory control system which will monitor the on-line generating capacity and limit the

maximum power demand of the propulsion motor to that which is available at any given

instant in time. This will allow the ship to keep operating albeit in a reduced capacity,

when a generator failure occurs.

5.2 Features and Limitations of Simulation Models

There are several useful features to the simulation models developed in this

research. First, they are highly portable. The only required hardware is a PC or a

workstation. The software requirements are the ACSL program and a FORTRAN

compiler. The ACSL translator writes FORTRAN-77 code which will compile on

virtually any compiler. It should be noted that these systems do take a few hours to run

on even the fastest PC's currently available. It is recommended that any future simulations

done with these models be done on a workstation.
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The models have been written in a modular object oriented fashion. This makes

them quite flexible. Each physical component is written as a separate ACSL macro which

allows the generation of unique variable names for each instance of a particular object.

The control components are also in separate macros which readily allows evaluation of

various control schemes without changing the basic configuration of the model.

Similarly, the interconnection equations have been solved to allow easy

modification of the system. Any number of generators or loads can be added to the main

bus by simply algebraically adding its current to equations (3.23) & (3.24) and writing its

transmission line equations, ((3.19) & (3.20) for generators or (3.21) & (3.22) for loads).

Consequently, it is very easy to change the configuration of the simulation model. Only a

knowledge of Kirchoffs laws and a minimal understanding of ACSL syntax is required to

modify the system to suit the users needs.

There are also some limitations to the current models. The frequency changer

model doesn't have a discontinuous current mode of operation. As mentioned previously,

when the motor speed drops below about 10% of rated, the back EMF isn't sufficient to

cause commutation of the inverter thyristers. This has been ignored in the current model.

One method of simulating discontinuous conduction in an average value model presented

by Branson [ 12] makes the dc-link current follow a rectified sine wave.

Another limitation to the current models is the diesel engine. It has not been

properly verified against test data for the actual engine. Despite numerous efforts, the

author has been unable to obtain dynamometer data for the particular engine which has

been modeled. The computer model has been qualitatively compared to actual data of
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other engines, but a quantitative comparison can only be made against the engine on which

the engine map is based.

The ship load dynamic model could be improved. It is only a one dimensional

model, whereas ship motions have six degrees of freedonm The model aliows two

propeller shaft inputs, but since it is one dimensional, operating the two shafts at different

speeds only results in an averaged speed output. This can be seen in the outputs of the

two motor simulations in appendix C. In an actual ship, this type of operation would

generate a yawing moment causing the ship to turn left or right. The seaway feature of

this model could also be improved upon. A real seaway is random in nature, containing

many harmonic components. Many of these components will not excite the propulsion

system, however some sort of random distribution of wave frequency would be an

improvement on the current model.

5.3 Suggestions for Future Research

Quantitatively verify the diesel engine model. This may require switching the

model to a different engine. The particular engine chosen for this study was selected

because it is a Navy qualified diesel generator set currently in use aboard ships. Perhaps a

manufactrer who is not yet Navy qualified would be more forthcoming with their test

data.

Add a discontinuous conduction mode to the frequency changer model. Similarly,

including the effects of AC-side reactance which were ignored in the development of the

current model would be more realistic. AC-side reactance is always present when
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connected to a motor load. Bose [9] presents this concept, but does not utilize it in the

development of average value converter models for control studies.

The controls which have developed to date are rather rudimentary. More

sophisticated controls incorporating the supervisory features discussed above should be

developed. The concepts of graceful degradation and damage tolerant controls should

also be investigated.

5.4 Conclusions

This research has developed and demonstrated useful tools for the design of

controls for shipboard electrical systems. By taking an object oriented approach, the

resulting tools are very flexible and can be used to simulate any conceivable shipboard

configuration with only minor alterations. As a result the "learniag curve" for an engineer

not familiar with the specifics of ACSL or the various devices is greatly reduced.

The current model parameters are based on the U.S. Navy's "Baseline 2" electric

drive system which utilizes wound rotor synchronous machine technology. The flexibility

of these simulation models allows other technologies such as permanent magnet or

superconducting machines to be simulated with minimal changes to the model.

This research has also conducted a preliminary control analysis of the required

control systems. It has pointed out areas where more sophisticated controls are required

and areas where existing controls may be adequate. The controls engineer interested in

this specific problem now has a flexible tool which may be used to evaluate many sorts of

control systems, only some of which have been discussed herein.
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Appendix A: ACSL Code

A.1 System #1

ISystem 1: single generator
with ship dynamics and ship service loads

Copyright 1993 by Timothy J. McCoy

I NOTE: this model requires the following compiler
command line options: */AR /5l fll.ezeo

NOTZ: The gas turbine and ship dynamics models require
the following function lookup subroutines:

fcq.for, func.for,qlapsf.forqlavsf.for,
qlavsr.for,tlavsf.for,tlavsr.for

These subroutines are property of the U.S. Navy and
can be obtained by qualified users from code 2753 of
ISSWC Annapolis Detachment (Formerly DTRC-Annapolis).

I

I RECORD OF CHANGES

I NO. DATE BY UIDIARY

0 4-10-93 tim Model Written.

PROGRAM systmI

I MACRO DEFINITIONS

INCLUDE c : s\acsl\sy-nmac\synmtr4 .mac,
INCLUDE c :\acsl\synmac\synmtr4b.mac@
INCLUDE , c: \acsl\freqchg\froqchg2 .mace
INCLUDE €s\acsl\synmac\vreg2 .mace
INCLUDE ct\acsl\synmac\contmtr.mac*
INCLUDE * c : \acsl\synmac\spdcon3 .mac'
INCDE c : s\acsIlmisc\constant. inc,
INCLUDE c :\acsl\lm2500\turbine.mac,
ZNCLUDE ,c: \acsl\ship\ship.mac,
INCLUDE c:\acsl\loads\shipserv.mac,
INCLUDE * a: \acsl\misc\baseconv.mac,

£ mmimninimmmmmmmm innmimminumnnnmmimmmm mmI INITIAL SECTION

INITIAL
SORT
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i --- set base frequency a bus parameters
CONSTANT we - 377.0 z---[rad/secl
CONSTANT xgl - 0.1, &

xl2 a 0.1, &
XMl - 0.1

S---Sgt par am tarsu for dynamic brake
LOGICAL 1brake

lbrake - .false.
kbrake - 1.0
gml - 1.5

t---Set frequency changer parameters
LOGICAL lfvdl
lfrdl - .true.

I---Set synchronous motor parameters (20,000 HP 150 RPM motor)
I---24 poles
CONSTANT &

xqRl - 1.157,4
xdml - 1.76 ,&
xqppml - 0.494,&
xdppNml - 0.542,4
zdpml - 0.608,&
xzil - 0.337,&
"tdoml - 2.10 ,&
tdopml - 0.039,A
tqoppml - 0.193,4
basenml - 150 ,1
basevml - 5000 ,1
basekuwml - 14914.0

hml - 0.773 + hhpa I --- hhps is propeller/shaft inertia
baseqml - 1000*basekwml/(basenml/rpmwad)

xdmxqml - x4l - xqml
I --- initialize the synchronous motorrs

mtr4io(ml)

I --- Set synchronous generator parameters (18 tVA v h20 cooled stator)
I --- values provided by NS'C
CONSTANT &

xqgl - 1.64 ,&
xdgl - 1.77 ,&
xqppgl - 0.15 ,&
xdppgl - 0.15 ,&
xdpgl - 0.18 ,&
xlgl - 0.13 ,&
tdopql - 3.19 ,&
tdoppgl - 0.04 ,&
tqoppgl - 0.09 ,&
hgl - 0.924,1
basongl - 3600.,&
basevgl - 4160.,&
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basekwgl - 16200.0

I --- conversion factors for generator and motor bases
baseconv(kvglul,kkvglml,kiglul,kzglul - &

basevgl, basevl, basekvgl,basekwml)

I --- initialize synchronous generators
ntr4bic(gl)

I --- Initialize gas turbine engine
LOGICAL lpwrdl I --- true for power demand mode
CONSTANT lpwrdl - .PALSz. I --- false for speed demand mode
CONSTANT wrnlord - 1.0 1 --- ordered speed [per unit]
CONSTANT wrnlordic = 1.0 1 --- ordered speed ic [per unit]
CONSTANT teglic - 0.0 i--elctrical torque ic [per unit)
CONSTANT wrnglic - 1.0 i---generator speed ic [per unit]

I --- set desired motor speed
CONSTANT spdrefl - 1.0

END 1---of initial

DYNAMIC SECTION

DYNAMIC

CINTERVAL CINT - .05 £ Ccomnication interval
NSTEPS nstp - 10
NAITEVAL MAXT - .1 £ Maximum integration step
MINTERVAL MINT - 1.01-8 I Minimum integration stop
ALGORITHM ALG - 1 1 Integration algorithm
CONSTANT tstop - 0.0 1 stop time

I---stop on reaching maximum time
TERMT(t.GE.(tstop-CINT/2.0), '---> STOP on time limit <-- )

1 DERIVATIVE 8ECTION

DERIVATIVE
I --- Invoke synchronous generator macros
synatr4b(tegl,vqgl,vdgl - eafgl,iqgl,idgl,wrnglgl)

I---:.nvoke voltage regulator macros
vreg2(eafgl - vdgl,vqgl,gl)

I --- Invoke Gas Turbine engine macro
turbine( 1,lpwrdl,vrnlord,wrnlordic,tegl,teglic,vrnglic,vrngl,qptlpu)
wmgl - wrnglvwo

I --- Invoke synchronous motor macro
5,•7!r4 (tem1,-.."' vdml,wrnml - eafml,iqml, idol, t1 p,ml)

I --- Invoke motor controller macro

contatr (eafal,betail = idml,iqul,vdml,vqml,edppul,eqplpl,&
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xdppml, Idmxql,xqmnl, brake ml)

I --- invoke frequency changer macro
freqchg (iqrl~idrl,iqil,idil - &

vqrl,vdrl,vqil,vdil,idcrl,betail, lfvdl,]Lbrake, 1)

I --- Invoke speed controller macro
speedcon (idari, lfvdl,l.brake - spdrefl1,vrnml,idcl, 1)

I --- invoke ship load macro
wrnm2 - wrnxi
ship (tm~l, t2 - vrzml ,vzn2, baseuam)

I --- Invoke ship service load macro
shipserv(idl2,iql2 nvdbus,vqbus,1)

I --- Transmission line equations
idgi - (idri + idl.2)Ikiglxl
iqcgl - (iqri + iql2)/kiglul
vdbus - vdgl + iqrl'xgl
vqbus - vqgl - idrl*xgl
vdrl - vdbus + iqrl*xll
vqrl - vqbus - idrl*xll
vdil - vdml + iqml'zml
vqil - vqml - idml*xal

I --- This procedural places a braking resistor across motor terminals
I --- vwhen ibrake - . rue.

RCEDUMA (idmi, iqml a idil, iqil, gel, lbrake)
i1( lbrak*)TNEN

IF(Ytml.LT.0.3) gel - 5.0
idbul - vdml'gml
iqbinl - vqml*gml
idml - idil + idbml
iqml - iqil + iqbinl

ELSE
gel - 1.5
idhill - 0.0
iqbml - 0.0
idmi - idil
iqal - iqil

EmDir
END I --- of procedural

END I --- of derivative

END I --- of dynamic

I ~TEmNaL" SECTIOU

TEUNUAL

END I --- of terminal

XN J --- Of program
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A.2 System #2

system 2a: two generators in parallel
with ship dynamics and ship service loads

Copyright 1993 by Timothy J. McCoy

IOTE: this model requires the following compiler
command line options: "/1A /B1 f1l.exe"

NOTE: The gas turbine and ship dynamics models require
the following function lookup subroutines:

fcq.for,func.for,qlapsf.for,qlavsf.for,
qlavsr. for, tlavsf .for,tlavor .for

These subroutines are property of the U.S. Navy and
can be obtained by qualified users from code 2753 of
NS•C Annapolis Detachment (Formerly DTRC-Annapolis).

I RECORD OF CHANGES
I
I NO. DATE By SUMNARY

1 0 4-10-93 tim Model written.
1 4-10-93 tJm Changed generator #1 to 2.5 MW kato unit.

1 2 4-10-93 tjm Added gas turbine on generator #2.
1 3 4-10-93 tim Removed coordinate transfamation.
£ 4 4-10-93 tim Added diesel engine to generator #1.
1 5 4-11-93 tim Acceleration run made. changed name

to $system 2'
6 4-15-93 tim Switched speed control to ,spdcon2.mac,.
7 4-17-93 tim Added circuit breaker and breaking resistor

to motor. Changed nm to "system2ao
1 8 4-18-93 tjm Changed motor controller to "coumtr2m.
1 9 4-19-93 tim Changed motor controller to -conatr-.
1 10 4-20-93 tim Successful crashback run. Changed TERNT

statements to IF statements for applying
dynamic brake resistor in .spdcon3,.

1 11 4-20-93 tjm Added circuit breaker to generator #2,
Switched generator prime movers.

PROGRAM system2a

I MACRO DEFINITIONS

INCLUDE * c: \acsl\synmac\synmtr4 .mac
INCLUDE ct \acsl\synmac\synmtr4b.mac'
INCLUDE lc: \acsl\freoqchg\freqhg2 .mac'
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IMCLTrUD3 * s \acsl\synmac\vreg2.mac,
INCLUDE *a: \acul\synmac\aontmtr .mac*
INCLUDM * : s\acsl\sy=mc\spdcon3.mac'
INCLUD3 .a I \acsl\misc\constant. inm,
"INCLUDE '02 \acsl\Im2500\turbine.mac,
INCLUDE .c :\acsl\dissel\diewel.mac#
INCLUDE ': s\acsl\diesel\governor .mac,
XNCLUDZ ': I\aasl\ship\ship.mac
INCLUM 'c0 \aswl\loads\shipserv.mac@
XNCuDc 'as \aacsl\misc\baseconv.mac.
INCLUDE 'c : \acsl\misc\cb.mac.

£ INIXTXIAL SCTXON

INITIAL "

VIORT

1 --- Set base frequency & bus parmeters
COUNBAk'T Wo - 377.0 I---(rad/sec)
COUSAUT' Z91 - 0.1, &

X92 - 0.1, &
Zi1 - 0.1, &
=1l - 0.1

I --- Sgt parameters for dynamic brake
LoGxCAT lbrake

.brake - .false.
kbrake - 1.0
gal - 1.5

I --- Set frequency changer parameters
LOGXCAL lfwdl
lfwdl - .true.

I --- Set circuit breaker parameter
LOGXCAL lcbq2
CONSTANT lcbg2 - true. I---Xnitially close cbg2

I --- Bet synchronous motor parametere (20,000 RP 150 RPM motor)
I---24 poles
CONSTANT &

xqml - 1.157,&
xcl - 1.76 ,&
xqppml - 0.494,&
xdppml - 0.542,A
xdpml - 0.608,&
ximl - 0.337,&
tdopml - 2.10 ,&
tdoppml - 0.039,6
tqoppml - 0.193,&
basen•m -10 ,=
baseval - 5000 ,1
basekwml - 14914.0

hal - 0.773 + hhps I---hhps is propeller/shaft inertia
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baseqal - 1000*basekwml/(baseo-llrpmrad)

1dmxqml - zdml - zxql
I --- Initialize the synchronous motors

mtr4ic(ml)

I --- Set synchronous generator parameters (18 MA v h20 cooled stator)
I---values provided by NsWC
CONSTANT &

xqgl - 1.64 ,&
xdgl - 1.77 ,&
xqppgl - 0.15 ,&
xdppgl - 0.15 ,&
xdpgl - 0.19 ,a
xlgl - 0.13 ,&
tdopgl - 3.19 ,a
tdoppgl - 0.04 ,&
tqoppgl - 0.09 ,a
hgl - 0.924,&
baseng1 - 3600.,&
basevgl - 4160.,&
basekwgl - 16200.0

1 --- Set synchronous generator parameters (kato 2.5 MR generator)
CONSTANT &

xqg2 - 1.01 ,'
xdg2 - 1.63 &
xqppg2 - 0.28 ,&
xdppg2 - 0.18 ,&
xdpg2 - 0.25 ,&
xlg2 - 0.075,&
tdopg2 - 3.79 ,&
tdoppg2 - 0.38 ,&
tqoppg2 - 0.19 ,&
hg2 - 1.91 ,&
baseng2 - 900.0,&
basevg2 - 450.0,&
basekvg2 - 2500.0

£---conversion factors for generator and motor bases
baseconv(kvglml,kkwglml,kiglml,kzgl1l - &

basevgl, basevml, basekwgl, basoekml)
baseconv (kvg2ml, kkwg2ml,kig2ml, kzg2ml - &

basevg2, basevml, basekwg2, basekml)

i --- Initialize synchronous generators
matr4bic(gl)
mtr4bic(g2)

i---Initialize gas turbine engine
LOGICAL lpwrdl I---true for power demand mode
CONSTANT lpwrdl - .FALSE. I --- false for speed demand mode
CONSTANT wrnlord - 1.0 1---ordered speed [per unit)
CONSTANT wrnlordic - 1.0 I --- ordered speed ic (per unit)
CONSTANT teoglic - 0.0 1---electrical torque ic [per unit]
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CONSTANT ernglic - 1.0 1---generator speed ic (per unit]

I---Initialize diesel engine
CONSTANT cyl2 - 8 j --- number of cylinders
CONSTANT tmech2ic- 0.0 1 --- mechanical torque ic
CONSTANT nmin2 - 400 i---min engine speed [rpm]
CONSTANT nmax2 - 950 1 --- mas engine speed [rpmi
CONSTANT kturbo2 - 0.5 1 --- turbo constant [sec
CONSTANT wmg2ic - 377.0 j --- generator speed ic [rad/sec]

I---sot desired motor speed
CONSTANT spdrefl - 1.0

END I---of initial

I DYNAMIC SECTION

DYNAMIC

CINTERVAL CINT - .05 1 Cimunication interval
NSTEPS nstp - 10
KAXTERVAL MAXT - .1 1 maximm integration stop
MINTERVAL HINT - 1.0-8 I Minimum integration step
ALGORITHM IALG - 1 1 Integration algorithm
CONSTANT tstop - 0.0 1 stop time

I---stop on reaching maximum time
TERKT(t.GZ.(tstop-CIVT/2.0),.--> STOP on time limit <-)

I miinnirn innrinniinniinnrInr 1nminini4BB•I• n u••• i n•B it ndl•it~••nini tinnininiinininni. .. .. .nn .....

DZRIVATIVE SECTION

DERIVATIWE
I --- Invoke synchronous generator macros
synmtr4b(tegl,vqgl,vdgl - safgl,iqgl,idglwrngl,gl)
synmt•4b(tog2,vqg2,vdg2 - eafg2, iqg2, idg2,vrng2,g2)

I --- Invoke voltage regulator macros
vrog2(eafgl - vdgl,vqglgl)
vrog2(eafg2 - vdg2,vqg2,g2)

I---Invoke Diesel governor macro
governor(fue12,n2 - wmg2,teg2,2)

I---Invoke Diesel engine macro
diosel(tmg2 - fuel2,n2,2)
wmg2d - (teg2 + tmg2)*wo/(2*hg2)
vmg2 - rNTEG(umg2d,wmg2ic)
vrng2 - vmg2/vo

1---Invoke Gas Turbine engine macro
turbine( 1, lpvrdl,vrnlord,wrnlordic,t•egl,•tglic,wrnglic,srngl,qptlpu)
wmgl - vrngl*vo
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I --- Invoke synchronous motor macro
uywntr4 (tald, vqnl, vdml ,vrnml = eafml,iqnl, idxkl, tumi,ml)

£ --- Invoke motor controller macro
contmtr (eafml,betail - idul, iqml, vdml ,vqul ,e.dpml, .qpp.I,

xdppml ,xduaxqml,=xql ,Ibrake,ml)

I--- Invoke frequency changer macro
freqchg (iqrl,idrl,iqil,idil - &

vqrl,vdrl,vqii,vdii, idcrl,betail, lfvdl, ibrake, 1)

I --- invoke speed controller macro
speedcon (idcrl,lfvdl,lbrake - spdrefl,wrnal,idcl,1)

I --- Invoke ship load macro
wrnm2 - wrnml
ship (taml, txm2 - wrimal ,rnm2 ,basenul)

£ -- Invoke ship service load macro
shipserv(idl2,iql2 - vdbus,vqbus,1)

I --- Transmission line equations
CONSTANT vdbic - 0.0, vqbic = 1.0, errbound - 0.0001,Aahxit =10,&

delv - 0.0001
ImPL (vdbus - vdbic, errbound,maxit,vderr,vdgl + iqglml*xgl ,delv)
INFPL(vqbus - vqbiceorrbound,maxit,vqerr,vqgl - idglml'xgl,delv)
IHL( iqg2ml - iqg2ic,errbound,uAxit, iqg2err, -(vdg2 -vdcbg2) /xg2,delv)
iMPL( idg2ml - idg2ic,errbound,maxit, idg2err, (vqg2 -vqcbq2 )/xg2, delv)

I --- Invoke circuit breaker macro for gen #2
cb(vdcbg2,vqcbg2,idcbg2,iqcbg2 - &

lcbg2 ,vdbus,vqbus,vdg2,vqg2, idg2ul, iqg2ul)

idg2 - idg2ml/kig2m2
iqg2 - iqg2ml/kig2ml
CONSTANT kir - 2.0
idgiul - (kir*idrl + idl2 - idcbg2)
iqglul - (kir*iqrl + iql2 - iqcbg2)
idgi - idgimi/kiglul
iqgl - iqglmi/kiglml
vdrl - vdbus + iqrl*xll
vqrl - vqbus - idrl'xll
vdil - vdual + iqm1*3.i1
vqil - vqml - £dml*xui

i -Ti procedural places a braking resistor across motor terminals
i --- when lbrake - true.
PROCEDURAL (idm , iqul - idil, iqil, gal, lbrake)

IF ( brake )THIN
IF(vtml.LT.0.3) gml - 5.0
idkual - vdul*gml
iqb.1 - vqml'gml
idmi - idil + idbml
igal - iqil + iqbml

ELSE
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gal - 1.5
idml - 0.0
iqkbl - 0.0
idmi - idil
iqul - iqil

ENDIF
END I --- of procedural

END 1---of derivative

END I---of dynamic

TERMINAL SECTION

TERMINAL

END I---of terminal

END I --- of program

A3 Diesel Engine
----------------------------------------------------------------------

Diesel Engine Model

copyright 1992 by Timothy J. McCoy

Record of Changes

No. Date By Bumnary

1 0 12-20-92 tim Model written.
1 1 12-24-92 tim Changed input speed from rad/sec to rpm.

I macro: diesel
function: Models four stroke turbocharged diesel engine.

CONCATENATION
z - synchronous machine identifier

I INPUTS
fr - fuel rate (per unit]
n - engine speed [rpm)

OUTPUTS
ta - mechanical torque (per unit]

CONSTANTS
i----------------(must be defined in the calling program) -u----
I tmech&z&ic - mechanical torque ic (per unit]
I cyl~z& - number of cylinders [per unit]

I min&z& - minimm operating speed of engine [rpm]
nmaX&z& - maximum operating speed of engine (rpm]
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I kturbo&z& = empirical turbo time constant [ssc*p.u.torquej
I
I INTERNAL (STATE OR STATE RELATED)
I fuelag&z& - delay due to fuel rack and engine dynamics [eec]
I turbolag&zi - delay due to turbocharger [sec]

delay&z& - time constant of engine [se)]
I Tmap - lookup table of torque vs speed and fuel rate

INTERNAL (NOT STATE RELATED)
NONE

I --- include engine torque-spe*d look-up table
INCLUDE ' c: \acsl\diesel\cat3608.map'

xACRO diesel (tm , fr,n,z)

£ Begin Derivative Section

I---stop if engine is outside of perfm'-ruce limits
TERMT((n .LT. nhin&z&),'-mm> STOP 4-4091. -. igine underspeed <-m')
TERNT( (n .GT. mazaz&), '-m-> STOP L s.* engine overspeed <-mm')

I---Calculate delay due to fuel injection and engine dynamics
fuelag&z& - 30/n + 120/(cyl&z&*n)
I---Calculate delay due to turbo lag
turbolag&z& - kturbo&z&/(tm + 1)

I---Sum deLays
delay&s& - fuelag&z& + turbolagas

I --- calculate torque from performance map lookup table
torq&z& - Tmap(fr,n)

I---Delay output of revised torque to account for engine dynamics
tn - RALPL(delay&z&,torq&z&,tmech&z&ic)

I mýmmiimmmm m mmm m innnni n min iminnn -------- -- ---- i -- -- -- --

I End of Derivative Section

MACRO END I of diesel

AA4 Diesel Engine Governor

GOVERNOR MODEL

Copyright 1992 by Timothy J. McCoy

Iofa

I Record of changes
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I No. Date By Summary
I -- --- - - - - - - - - - - - - - - - - - - - - - - - -

1 0 12-22-92 tjm Model written.
I 1 12-24-92 tjm Added load torque compensation to the set

I speed. Gain and time constant adjusted to
I their final values.
1 2 12-26-92 tjm Added PID type control.
1 3 12-27-92 tjm Added load compenstaton from generator voltages
I and currents.
1 4 12-28-92 tim changed load compensation back to load torque

as input. Added wm as input and changed n to
output for better modularity.

3 5 12-28-92 tim Revised constants for synchronous operation.
Model verified.

IWWWmlll mIniilminiiniLmu n inmn m i mimiiiu

I macro: governor.mac
I function: Limited PI type governor for a diesel engine

CONCATENATION
I z - Engine identifier

INPUTS
wm - engine speed [rad/sec]
tl - Load torque [per unit]

OUTPUTS
fuel - fuel rate [per unit]
n - engine speed [rpm]

CONSTANTS
I kgov&z& - governor gain
I taugov&z& - governor time constant

nset&z& - desired engine speed [rpm]
I fuelmin&z& - minimum fuel rack setting [per unit]

fuelmax&z& - maximum fuel rack setting [per unit]
I k2gov&z& - governor load factor gain

1=l= •-u st be defined in the calling program)- ------ =

I INTERNAL (STATE OR STATE RELATED)

INTERNAL (NOT STATE RELATED)
I NONE

MACRO governor (fuel,n,wm,tl,z)

I Begin Derivative Section

1---parameters
CONSTANT kgov&z& - 0.2
CONSTANT nsoet&z& - 900.0
CONSTANT taugov&z& - 2.0
CONSTANT fuel&rin - 0.0
CONSTANT fuel&max - 1.0
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CONSTANT fuel&ic - 0.0

i --- convert speed to rpm for diesel use
n - v-m2.38732 I---60/(2*pi*pole pairs)

I --- Zrror signal
spdorr&z - nset&z - n

I---P-I type controller
i---fuel&d - (-fuel + pfac&z& + kgov&z*(spderr&x&))/taugovsz
I---fuel - BOUND(fuel&min,fuel&saz,LININT (fuel&d,&
I --- fuel&ic, fuel&ain, fuol&max))

fuel - BOUND(fuel&min,fuel&max,kgov&z&*spderr&z& + &
LININT(spderr&z&*kgov&Z&/taugov&z&, fuel&iC, fuel&uin, fuel&maaz))

I---P-I-D type controller
I---fuel - BOUND(fuel&uin,fuel&maax,(kgov&z&*spderr&z &
I--- - LIKINT(fuel, fuel&ic, fuel&ain, fuel&max) )/taugov&z)
mACRO ED I --- of governor

A.5 Diesel Engine Map
s---caterpillar 3608 performance map
l---Values are in per unit torque
i---Base torque is 17,973 ft-lbf.
i --- speed is in RPM, Fuel rate is in per unit
i--- ase fuel rate is 140 gal/hr.
TABLE Tmap, 2, 8,12/0.0,.1428,.2857,.4286,.5714,.7143,.8571,1.0,6
400.,450.,500.,550.,600.,650.,700.,750.,800.,850.,900.,950.,&
0.0, 0.1242, 0.1 , 0.04 , 0.053 , 0.014 , 0.017 , 0.003 , &
0.0, 0.1364, 0.2 , 0.08 , 0.105 , 0.029 , 0.035 , 0.007 , &
0.0, 0.1373, 0.3960, 0.16 , 0.21 , 0.058 , 0.069 , 0.015 , &
0.0, 0.1426, 0.4012, 0.31 , 0.42 , 0.115 , 0.139 , 0.031 , &
0.0, 0.1339, 0.3726, 0.6137, 0.8426, 0.23 , 0.278 , 0.062 , &
0.0, 0.1259, 0.3461, 0.5665, 0.7869, 0.46 , 0.555 , 0.125 , &
0.0, 0.1169, 0.3215, 0.5239, 0.7264, 0.9143, 1.1105, 0.25 , &
0.0, 0.1013, 0.2922, 0.4851, 0.6702, 0.8533, 1.0364, 0.5 , &
0.0, 0.0877, 0.2703, 0.4474, 0.6209, 0.7962, 0.9716, 1.0883, a
0.0, 0.0722, 0.2475, 0.4160, 0.5776, 0.7426, 0.9110, 1.0469, &
0.0, 0.0617, 0.2273, 0.3863, 0.5439, 0.6981, 0.8474, 1.0000, &
0.0, 0.0492, 0.2030, 0.3491, 0.4876, 0.6460, 0.7967, 0.9228/

A.6 Frequency Changer

Three phase frequency Changer model

I copyright 1993
by

Timothy J. Mcoy

Portions of this model are based on the models developed by
I K. Branson et. al. of Purdue University for The U.S. Navy
I DTRC codes 2753. used with permission.



NOTzSs 1.) This model assumes instantaneous commutation
2.) all quantities are in per unit

RECORD OF CHANGES

I No. Date By SuMmary

0 2-9-93 tjm- Model written
1 2-11-93 tjm Removed one-phase portion of model
2 3-22-93 tjm Added betai to input list for controller use

macro: freqchg
function: models a three phase dc-link frequency converter

CONCATENATION
z i frequency changer identifier

INPUTS
vqr the machine-side, q-axis voltage of rectifier

I vdr the machine-side, d-axis voltage of rectifier
I vqi the machine-side, q-axis voltage of inverter
i vdi the machine-side, d-axis voltage of inverter
i idcr commanded value of dc link current
£ betai inverter firing angle (rad]

Ilfwd logical variable to determine direction of
desired torque

OUTPUTS
iqr - the machine-side, q-axis current of rectifier
idr - the machine-side, d-axis current of rectifier

I iqi - the machine-side, q-axis current of inverter
i idi - the machine-side, d-axis current of inverter

CONSTANTS
Defined in 'constant.inc'

I k3rt3opi - 1.65398669 - 3*sqrt(3)/pi
I krt3 - 1.732050808 - sqrt(3)
I k2rt3opi - 1.10265779 - 2*sqrt(3)/pi
I k2ort3 a 1.154700538 - 2/sqrt(3)
I
I INTERNAL (STATE OR STATE RELATED)
I ersiz& Rectifier AC side voltage magnitude
I ei&z& a Inverter AC side voltage magnitude
i delr&z& a Reciifier AC side voltage angle
i deli&z& Inverter AC side voltage angle
j idc&z& a DC link current
i idc&z&d a DC link current derivative
I betar&z - firing angle for rectifier
I vr&z n link-side rectifier voltage

vi&z a link-side inverter voltage
I
I INTERNAL (NOT STATE RELATED)
I
I MACROS

I rc establish rectifier control angles

87



INCLUDE * a a\acsl\f r*qhg\rcc mact

MACRO freqchg( iqr, idr, iqi, idi , &

vqr,vdr,vqi,vdi, idcr,betai, lfvd, ibrake, z)

i--DC link parasmeters
CONSTANT xdc&z& - 1.68 1 --- DC rectance [per unit]
CONSTANT rdc&z& - 0.02 1 ---DC resistance (per unit]
CONSTANT idc&x&ic - 0.0 1 --- DC current ic [per unit]

I --- invoke rcc to define rectifier current control angle
rac (betari: - idciz&, idcr, ibrake, z)

I --- Establish the rectifier ac currents (iqr,idr)
iqr - k2rt3opi'idc&z&eCO8 (betaraza)
idr - k2rt3opi'idc&x&*SIN(betar&xU)

i --- Establish the inverter ac currents (iqi~idi)
IF(lfvd) THIN

iqi - k2rt3opi'idcaxa'CoB (betai)
idi - k2rt3opi*idc&z&*SIN (betai)

ELSE
iqi - -k2rt3opi~idc&z&*COo(betai)
idi - k2rt3opi*idc&za.SIN(betai)

315017

I --- Establish the rectifier dc side voltage
RTP(er&z&,delr&zI - 'vqr,vdr)
vr&z& - k3rt3opi*eraz&*Cos(betar&z&)

I --- Establish the inverter dc side voltage
RTP(ei&z&,deli&z& - vqi,vdi)
vi&z& - k3rt3opi'ei&z&*Cos(betai)

I --- Establish the DC-LINK current
idc&z&d - vo/xdcaz&*(vrfiz& + viaza - rdc&z&*idc&x&)
idc&z& - INTEG(idc&u&d,idc&z&ic)

MACRO END

A.7 Rectifier Current Controller

I ~DC-LINX CURREN CONTROL MODEL

I Copyright 1992
1 by
I TiMothy J7. McCoy

I macros rca
I functions rectifier current control, P-1 type controller.
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COECATENATIOU

- frequency changer identifier

INPUTS
idc - dc link current [PER UNIT]

I idcr - dc link reference current [PUR UNIT]
I
I OUTPUTS
I betar - dc-link current control angle
I

CONSTANTS
I gbetar&z& - controller Amplitude
I tubetar&z& - Controller Time Constant
I umin&z& - minimum rectifier angle (maximum current)
I umax&z& - maximum rectifier angle (minimum current)
I
I INTERNAL

u&z&ic - rectifier control angle ic
I u&z&d - rectifier control angle derivative

ierr&z& - dc link current error

MACRO rcc (betar , idc,idcr,lbrake,z)

CONSTANT umin&z& - -0.0
CONSTANT umax&z& = 0.99
CONSTANT gbetar&z& - 30.0
CONSTANT taubetar&z - 0*01
CONSTANT u&zfiic a 0.0
CONSTANT ierr&z&ic a 0.0

ierr&z - (idcr - idc)
u&z&d - (-u&z& + gbetar&z&*(ierr&z&))/taubetar&z
u&z& = BOUND(umin&z&,umaX&z&,LINNT(u&z&d,u&z&ic,umin&z&,umax&z&))

IF ( lbrake ) THEN
betar - kpio2

ELSE
betar - ACOS(u&:&)

ENDIF

MACRO END I---of rcc

A.8 Induction Motor
--------------------------------------------------------------------

I THREE-PHASE INDUCTION MACHINE MODEL
I

I Copyright 1992 by Timothy J. McCoy
!

--------------------------------------------------------------------
I!

! Record of Changes
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!

! No. Date By Sumary
- ---

1 0. 11-16-92 tjm Model written.
1 1. 11-29-92 tjm Included stator transients to eliminate
£ algebraic loop problem.
£

1 2. 11-30-92 tji MODEL VERIFIED.

I macrot indmac
function: Models a syumetrical three-phase induction machine

with stator electric transients included.

CONCATENATION
z - synchronous machine identifier

INPUTS
vd - D-axis terminal voltage [per unit]

vq - Q-axis terminal voltage [per unit]
tm - Mechanical Torque [per unit]

OUTPUTS
wrn - Machine speed [per unit]
iqs - Q-axis terminal current [per unit]
ids - D-axis terminal current [per unit]

CONSTANTS
wb - base electrical speed [rad/sec]
rs&z - stator winding resistance [per unit]
rr&z - Rotor winding resistance [per unit]

m&z - Stator to rotor mutual reactance (per unit]
xls&z - stator winding leakage reactance [per unit]
xlr&z - Rotor winding leakage reactance [per unit]
h&z - Rotor inertia [sec]
xaq&z& - reactance used in calculating mutual coupling flux

INTERNAL (STATE OR STATE RELATED)
siqs&z&d - rates of change of stator flux linkages [per unit]
sids&z&d
siqs&z - Q-axis stator flux linkage [per unit]

sids&z - D-axis stator flux linkage [per unit]
miqr&z&d - rates of change of rotor flux linkages
midraz&d
siqr&z - Q-axis rotor flux linkage [per unit]
sidr&z - D-axis rotor flux linkage [per unit]
simq&z - Q-axis mutual coupling flux
simd&z - D-axis mutual coupling flux
wm&z - rotor speed [rad/sec]
wmtztd - rate of change of rotor speed [rad/sec^2]
iqr&x - Q-axis rotor current (per unit]
idr&x - D-axis rotor current [per unit]
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£ INTERNAL (NOT STATE RELATED)
£ siqraz&ic - rotor flux linkage ics [per unit]
£ sidr&z&ic
£siqsazaic - stator flux linkage ics [per unit]
Isids&z&ic
I amz~ic - rotor mechanical apeed ic [rad/*ec I

MACRO indmac (z,tm,wrn,iqs,idasvq,vd)

INITIAL

I --- set initial rotor speed and fluxes to zero
CONSTANT iM&Z&ic - 0.0
CONSTANT miqr&z&ic - 0.0
CONSTANT sidr&x&ic - 0.0

siqs&z&ic - vd
sidsizaic - vq

j --- compute reactance used in calculating mutual flux
xaq&z& a lI(l/xm&z& + lIxlsiz& + 1/ziraza)

END i --- of initial section

Begin Derivative Section

i --- mutual coupling flux
simq&z& - xaq&zI*(oiqu&z&/Xls&z& + siqr&z&/xlr&z&)
simd&z& - xaqaz&'rsids&z&/xls&z& + sidr&z&/xlr&z&)

I --- Rates of Change of stator flux-linkages
siqs&z&d a wb*(vq - rs&x&*iqo - sids&z&)
sids&x&d - vb*(vd - rs&x&'ids + siqsl~z&)

I --- Rates of Change of rotor flux-linkages
siqraz&d - -(vb - whi&z&)*sidr&z& + &

vb*(rr&x&/xlr&z&)*(simq&x& - miqr&z&)
sidr~amd - (vb - wrm&z&)*siqr&z& + &

wb*(rr&:&/zlr&zI)*(simd&z& - sidr&z&)

I --- MNechanical equation
vuazad - (teIz& - tm)*wb/(2*h&z&)

I --- integrate state equations to obtain flux linkages & rotor speed
siqr&x& - INTEG(siqr&z&d,siqr&z&ic)
sidriza - INTEG(sidr&z&d,sidr&z&ic)
siqs&z& - INTEG(siqs&z&d,siqo&z&ic)
sids&u& - IUTE(sids&z&d,sids&z&ic)
wuaza - INTEG(wm&s&d,wm&x&ic)

I --- Compute stator currents in terms of fluxes
iqs -(siqs&z& - simq&z&)/3as&z
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ida - (sids&z& - aimdvz&)/xls&z

i --- compute Electromagnetic Torque
te&z& - (sida&s&*iqs - siqs&zL*ids)

i --- Compute per unit mechanical speed
Win - wm&z&/ib

I End of Derivative Section
I wwim iinniim wiiiii

MACRO END I of indmac

A.9 Gas Turbine

I LM-2500 Gas Turbine Generator macro
I Copyright 1993 by Timothy J. McCoy
I

INOTE: The macros used in this model were provided by CODE: 2753 of
I NSWC Annapolis and are used with permission. only minor
I changes were made to allow the model to run on a PC.
I

NOTE: this model requires the following compiler
command line options: */zi /An /B1 f1l.eze"
and linker command line options: ,/Cow

I

I RECORD OF CHANGE
I
I NO. DATE BY SUMMARY
I ------ -- ---------------------------------

1 0 4-05-93 tim Model written.

I MACRO DEFINITIONS

INCLUDE * c: \acsl\lm2500\LK25a.mac'
INCLUDE oc:\acsl\lm2500\tgid2.mac,
INCLUDE * cs \acsl\lm2500\LM25crym.mac,
I==

CONCATENATION
I z concatenation variable

I INPUTS
lpwrds - true for constant power mode

false for constant speed mode
I wrnzord - ordered speed in pu
I wrnzordi a ordered speed ic in pu
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I tes - synchronous machine torque in pu
I tezi - synchronous machine torque ic in pu
I wruzi - synchronous machine speed ic

OUTPUTS
wrnz - synchronous machine speed

I qptzpu - per unit turbine torque on generator base
£ý
IZ--- The following constants apply to all turbines defined
I --- by following macro model
CONSTANT jig - 16505 1 generator inertia in lbm-ft-2
CONSTANT ngb - 3600 1 generator base rpm
CONSTANT qgb - 36.52e3 i generator barn. torque
I --- invoke miscellaneous constants macro

LN25mcO (ki, kqhp, kgc, p2,tU, theta2, sqrth2 ,thta2v, thet2n, delta2)

xacRo turbine (2,lpwrdz ,vrnzord,vrnzordi, tez,texi ,wrnzi ,wrnz, qptzpu)

INITMA
CONSTANT hp&xaordi - 0.*0 1 ordered turbine hp ic
tesu~zai - -tezi*qgb I convert from PU to ft-lbf
n&zai -wrnui*ngb I convert from rpm to PU
hp&z&i -n&z&i*teum&z&i/kqhp I generator hp
nptlz&ordi - vrnzordi'nptax&b I convert from pu to rpm

WND I --- of initial

I --- invoke load interface macro
tgid2(z, qptaza, jjptaza, nptazab, qpt&zab, tesm&z&i, teamizi, &

jjg, ngb, nashi, dnpt&z&, nptaz&, npt&zai,qpt&z&i, dnfizI, nfiz&)

I --- Invoke throttle input cosmand macro
LK25crpm4(z, nptaz&b, nptazaord, nptaz&ordi, npt&z&i, npt&z&, &

hpaz&b, hpaza, hp&z&i, hp&x&ord, hp&z&ordi, lpvrda, &
ticashul, ticaz&ll, ticmd&x&, ticmd&z&i)

I --- invoke gas gen/ power turb macro
LN2SgtO(z, t2, delta2, sqrth2, thet2n, thta2v, kd, kgc,&

FargO, Fargi, ticaz&, vfuel&z&, &
npt&zai, qpt&z&i, ngg&z&i, jjptizi, ps3&z&, ps3&z&i, &
p54&z&, p54&z&i, wfuel&z&i, ngg&z&, npt&z&, npt&z&b, &
qptaua, qptaz&b, hp&z&b)

I --- invoke power lever angle macro
fseeO(z, p2, t2, ticmdaz&, nptaz&, nptishi, p54&z&, &

p54&z&i, ticmdaz&i, alpha&z&i, tic&z&, alpha&z&,nref&z&)

z---Xnvokce main fuel control macro
mfco(z, t2, thet2n, sqrth2, alpha&z&, ngg&z&, ps3&z&, &

FargO, Fargi, nggaz&i, ps3&x&i, vfuel&z&i,alpha&x&i, vfuol&z&)

I ---convert from PU to ft-lbf
tosm&z& = -tez'qgb

I ---convert from rpm to PU
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wrnz - nlza/ngb

to--convert from pu to rpm
npt&z&ord - wrnzord*npt&z&b

I --- generator hp
hp&z& - n&z&*temu&z&/kqhp

t --- ordered turbine hp in power demand mods
CONSTANT hp&z&ord - 0.0

I --- turbine torque in pu on gen bass
qptzpu - qpt&z * (npt&z&b/ngb) /qgb

MACRO END I --- of turbine.mac
I mnimmniininmmnmmmniininniininL12 SmacO mod u

0--------------------------------------------------------------------
I file name: LM25macO.mod clp 8-apr-91 v-lg92-0

I This model is a MACRO representation of an LM2500 gas turbine
engine that has been developed to permit cloning in simulations

I requiring two or more LM2500 engines. The LM2500 consists of
four parts:(l) a Power Lever Angle Controller (FSE3), (2) a

I main Fuel controller (xFC), (3) a Gas Generator, and (4) a Power
I Turbine. For convenience, separate MACROs have been developed
I for the FS7E and the NrC to permit substituting other control
I system models as the need arises. In all, four MACROs have
I been developed as listed below:

(1) LM25mc0.mac ---- Defines miscellaneous constants
specific to the LM2500 model.

(2) fseeO.mac ------ characterizes the Power Lever Angle
I Controller used with the LK2500 model.
I

(3) mfcO.mac ------- Characterizes the Main Fuel Controller
used with the LU2500 model.

1 (4) LN25gtO.mac ---- Characterizes the Gas Generator and
I Power Turbine portion of the LM2500

model.

I This model has been extracted from the program ED FTULL 1.CSL
I developed by PDI Corp. for DTRC Code 2753 and reported in
I reference [ 1 below. The simulation developed in reference [1]
I used reference [2) for the FS71 and MFC models, reference [3]
1 for the Gas Generator and Power Turbine Dynamics Models, and
I reference (4] for the Alarms and simulation Shutdown features.
I
I This model requires the following files which contain function
I data and the necessary lookup routines:
I
I /models/LK2500/fun/data/LM25libl .a

/models/lookup/lookuplib. a
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In addition to the basic model changes needed to develop the
appropriate MACROs, the following changes have been made to
simplify the model:

(1) Use PDI simplification of FSEE for the high frequency,
nonlinear loop ( thdot2 - f(e23,snegvl) ]; that is,
substitute lED REDUCED 1.CSL code from page C-9 of
reference [1] for IEDFULLIl.CSL code on page B-9 used
to calculate alpha.

(2) Further simplify FSEZ model by eliminating the thetam
calculation by adjusting the limits on the LIMINT
for alpha, then eliminate the calculation of e2 and
adjust the calculation of e21. This modification has
been taken from work reported in reference [5].

(3) Modify the MFC model to simplify afl, dfl, afrl, dfrl,
emffb, and xmv circuit calculations. This modification
has been taken from work reported in reference (5].

simulation validation runs were made to examine the gas turbine
response for the above modifications. The results indicated
that the modifications had negligible effect on the overall
transient response of the gas turbine. Any further changes,
corrections, or modifications to this model should be noted in
the CHANGE RECORD started below:

I MODELING CONVENTIONS:
----------------------

1 (1) Use CAPS for ACSL statements, ACSL variables, etc.
I
1 (2) Use lower case for all model variables.
I
1 (3) Begin Table names, Function names and related control
I variables with a capital letter.

I MODEL REFERENCES:
I------------------
1 (1] Mathematical Models and ACSL simulation of the Integrated
I Electric Drive Study Ship, LM2500 Gas Turbine and Gas
I Turbine Control System, PDI Corp. Report 324-041-02,

June 1990.
1

(2] LM2500 simplified Non Linear Engine and control system
I simulation, General Electric Marine and Industrial Projects
I Department, G. B. Document MID-TD-2500-13, January 1978,
1 Revised April 1978.

t (3] LM2500 Nonlinear simplified Engine Model for IEC, General
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I Electric Marine and Industrial Engine Projects Department,
0. Z. Technical Memorandum 86-438, October 1986.

1 [4] Propulsion Gas Turbine Nodule LM2500, Table 3.2-4,
1 Technical Manual S9234-AD-MNO-010/LM2500, -- 1 December
1 1977; and DD 963 Class characteristics.
I
1 (51 simulation of a superconductive Electric Drive for a
I General Purpose Destroyer --- Part 1: Basic Approach to
I Development of the Propulsion System Math Model, C. L.
I Patterson and H. N. Robey, DTNSRDC Report TM-27-80-48,

submitted for distribution under cover letter 2711:HNR 3900
I TM-27-80-48, dated 25 September 1980.

5!

I CHANGE RECORD:
--------------

I Version Date Engr Description

0 08apr9l clp Model developed and installed.

I 18apr9l clp Inserted new MACRO mfco.mac with corrected
afl&z& calculation

1 2 30apr91 clp Replace LM25gtO.mac and fseeO.mac with
corrected versions

1 3 16may91 clp Replace fseeo.mac with modified version
I
1 4 30may91 clp Uncomnented TERMT statement to permit run

to stop on kshtdn > 0 (TURBINE SHUTDOWN),
and added TERMT on kthl > 0 (TABLE OVERRUN)

5 01jul92 clp corrected decision logic coding of the ALARM
and simulation SHUTDOWN section.

i>>>>>>>>>> Begin L142500 Nisc Constants Model MACRO<<<<<<

MACRO LM25mcO(ki,kqhp,kgc,p2,t2,theta2,nqrth2,thta2v,thet2n,delta2)

I inputs: NONE

I

I outputs B ki - conversion factor for rotational accel
kgi - conversion factor for pounds mass to slugs

kqhp - conversion factor for torque/rpm to HP
p2 - compressor inlet pressure



t2 - compressor inlet total-temperature
theta2 - temperature correction factor
sqrth2 - square root of theta2
thta2v -
thet2n - temperature correction factor
delta2 - ambient pressure correction factor

------ Define the ambient conditions

CONSTANT tamb - 59.0 1 -- degrees F
CONSTANT pamb - 14.696 1 -- PSI&

I---------------- Define the conversion factor for rotational
I acceleration calculations

I[ i - (60.0 * kgc) / (2.0*pi) ]

CONSTANT ki - 307.24 1 -- lbm-rpm-ft/lbf-see

---------------- Define the conversion factor for torque and rpm
I to horsepower [ kqhp - (60 * 550) / (2.0*pi) ]

CONSTANT kqhp - 5252.1 I -- (ft-lbf/min)/hp

---------------- Define the conversion factor for pounds mass to
z slugs (Gc)

CONSTANT kgc - 32.174 1 -- lba-ft/lbf-sec**2

i +++++++ Begin INITIAL Section ++++++++.++.++++++++++++++.+++++++++

I --- INITIAL

----- Calculate temperature and pressure correction
£ factors.

p2 -pamb I -- psa
t2 -tamb + 459.7 -- degrees R
theta2 - t2 / 518.7 1 -- nondimensional
sqrth2 W sqrt (theta2) i-- nondimensional
thta2v - theta2 ** 1.00 -- nondimensional
thet2n - theta2 *' 0.719 -- nondimensional
delta2 - p2 / 14.696 1 -- nondimensional

I--- ND I +.++++++++++ of INITIAL

MACRO 3RD

j>>>>>>>>>>> End of LM2500 Misc Constants Model MACRO <

1

I >>>>>>>>>>>>>>>>>> Begin F783 Model MACRO <C<<<<<<<<

I file nmes fseeO.mac clp 6-apr-91
I
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I The power lover angle (PLA) controller (PSEE) model for the
I LM2500 gas turbine. It has been developed based on references

[1],[2J, and [5] of LM2500.ref. It is essentially a MACRO
version of the model included in the simulation reported
in [1] with a few modifications based on (5].

I This model requires the following files which contain
function data and the necessary lookup routines:

/models/LN2500/fun/data/LK25libl.a
/models/LK2500/fun/data/lookuplib.a

I CHANGE RECORD:

I Version Date Engr Description
£---------------------------------------------------------------

0 17apr9l clp Model developed and installed.

1 30apr91 clp Add tic to MACRO argument list and change
all references to tic&z& to tic

1 2 2may91 clp Modified MACRO argument list (added zos
to most arguments)

1 3 16may91 clp change nref&z& to nrefz, add to argument
list, and make appropriate code mods

1 4 02nov92 tJm Added parenthesis in p2t2&z&i and qcal&z&i
assignment statements to fix compiler error for PC use.

MACRO fseeO(z,p2,t2,ticmdz,nptz,nptzi,p54z,p54zi,ticmdzi, &
alphazi,ticz,alphaz,nrofz)

I inputs: z - concatenation variable
p2 - compressor inlet pressure
t2 - compressor inlet total temperature

ticudz - throttle input command from control system
I nptz - power turbine shaft speed
I nptzi - npt IC

p54z - power turbine inlet pressure
p54zi - p 5 4 IC

ticmdzi - ticmd IC
alphazi - alpha IC

I outputs: ticz - bounded ticmdz
alphaz - rotary actuator position (actual TIC to MFC)

---------------- Power turbine torque limit-----
! (20000 <= qrof <- 45000 lb-ft)

(qref selected for vq=9.0 volts)
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CONSTANT qref&s& - 45000 1 -- torque ref [lb-ft]
CONSTANT vqsf&z& - 5000 1 -- torq lim scale factor [lb-ft/volt]
CONSTANT g91z& - 0.22 1 -- torque lir gain

----- Power turbine RPM limit -----
£ (2800 <- nref <- 3900 rpm)
I (nref selected for vr-7.344 volts)

CONSTANT nrefz - 3672 1 -- npt limit [rpm]
CONSTANT vnsf&z& - 500 1 -- npt lim scale factor [rpm/volt]
CONSTANT g3&z& - 0.5 1 -- npt limit gain

----- Power turbine RPM rate limit -----
! (dnref = 180 rpm/sec --- fixed)
£ (dnref selected for vr-0.5 volts)

CONSTANT dnref&z& - 180 1 -- npt rate lim [rpm/sec]
CONSTANT vrsf&z& - 360 1 -- rate lim scale factor
[(rpm/sec)/volt]
CONSTANT gS&z& - 0.5 1 -- npt rate lir gain

I---------------- Define upper/lo-er limits for the command input and
the TIC rate limiter plus the gain for the rate

£ limiter

CONSTANT tic&z&ul - 113.5 1 -- command input UL and LL
CONSTANT tic&zll - 13.0 1 -- rdegreesi

CONSTANT ticrl&z&ul - 22.5 1 -- TIC rate limiter UL and LL
CONSTANT ticrl&z&ll - -89.0 i -- [deg/sec]
CONSTANT krate&z& - 10. 1 -- gain constant

S-------- Define upper/lower mechanical limits for alpha

CONSTANT alpha&zaul - 120.0 1 -- [degrees]
CONSTANT alpha&z&ll - 13.0 1 -- [degrees]

------- Define the gain in the calculation of drpmdt

CONSTANT krat&z& W 0.16 1 -- nondimensional

t .+++++. Begin INITIAL Section +++++++++++++++++++..+.+++++++++++++

INITIAL
I - Calculate TIC rate-limited integrator output IC

ticrl&z&i = BOUND ( tic&z&ll, tic&z&ul, ticmdzi )

I---------------- Calculate reference voltages and ICs for power
turbine torque, 3P11, and RPY! rate limits

vq&z& - (qref&z& / vqsf&x&)
vn&Z& - (wrefz / vnsf&z&)
vr&zs - (dnref&z& / vrsf&z&)



£ -mm> NOTE: The p54 xi calculation has been moved to the
£ LK25gtO MACRO since that is where the function is
£ shown in references [1) and (21

*0&z&i - 0.0
p541&z&i - p54zi
p5411&z&i - p54l&z&i * 1.015
nptl&zai - nptzi
enpt&z&i - nptl&z&i * 0.002
enptl&z&i - enpt&z&i
p54q&z&i - p5411&z&i / p2

nptq&z&i - nptl&z&i / sqrt(t2)
I
I Put variables based on function lookups

I in a PROCEDURAL
I
PROCEDURAL (qmap&z&i - pS4q&z&i,nptq&z&i)

qmap&z&i - qmap(p54q&z&i, nptq&z&i)
END
I
I End IC function lookup PROCEDURAL
I
qmapl&z&i = qmap&z&i
p2t2&z& - p2 * ( t2 ** (-0.157))
qcal&z&i U (qmapllz&i * p2t2&z&)
tabtr&zai - qcal&z~i * 0.0002 * ( 1 -. 66 / .3)
tglag&z&i = enpt&z&i * (1.0 - (2.3 /.047))

END I --- of initial

.......+ Begin DERIVATIVE Section 1111 ........ 11114114 ............

----- ----- calculate and BOUND TIC

ticz - SOUND ( tic&z&ll, ticiz~ul, ticudz

I ------------------calculate Rate Limited TIC

ticrlaza -INTEG ( BOUND (ticrl&z&ll, ticrl&z&ul, &
krate&z& * (ticz - ticrl&z&)), ticrl&z&i

I------------------Calculate vtrqgs (torque limiting)

p541121 - REALPL ( 0.014, p54z, p541&z&i
p541l&z& - REALPL ( 0.04, p5411z1 * 1.015, p5411&zai
p54q~z& - p5411&z& / P2
nptllz& - REALPL ( 0.144, uptz, nptliz&i
nptq&z& - Uptl~zI / sqrt(t2)
quapaza - ?quap, ( p54q&z&, nptq&zg
quaplaza - REALIL ( 0.03, qmaplza, quiapl&z&i
qcallzl - (p2 * (t2 "* (-0.157)) * qoaplaza)
tabtrl&z& - LEDLAG 0.66, 0.3, qcal&za 0.0002 ,tabtr&z&i)

o5&zI - (vqlz& -tabtrl&z&)

delvtq&z& a SOWED (-9999., 0.0, e5&z&
vtrqgslzl - (delvtqlul * 91131)
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- calculate vtop (topping governor)

enptlz& - (0.002 * nptl&z&)
tglag&z& = LEDLAG ( 2.3, 0.047, enptl&z&, tglag&z&li )
.7&:& - (vn&z& - tglag&z&)
.61&& - BOUND ( -9999., 0.0, @7&z& )
vtop&z& - (96&z& * g3&z&)

I ----------------- calculate vrate (Acceleration Limiting)
I
I Note that the next two lines match the block diagram

in effect but need to be expressed this way to handle
the initial conditions properly

enptl&z& - INTEG ( (enpt&z& - enptliz&) / 0.04,enptl&z&i)
drpmdt&z& - krat&z& * 4.7 * (enpt&z& - enptl&z& ) I 0.04

e9&z& - (vr&z& - drpmdt&z&)
e8&1& - BOUND ( -9999., 0.0, e9&z& )
vrate&z& - (e8&z& * gS&z&)

------------------Calculate snegvl

snegvllz& - xN= ( vtrqgs&z&, MIN ( vtop&z&, vrate&z&))

- Calculate ALPHA (see notes at top on modifications
I to this section)

e21&z& - (ticrl&z& - alphaz) * 0.094066

PROCEDURAL ( xk31&z& - eS&z&, e7&2&)
xk3l&z& - 14.0
IF ((eS&z& .LT. 0.35) .or. (e&z& .LT. 0.35)) xk3l&z& - 2.2

END

e22&z& - BOUND ( -14.0, xk31&x&, e21&z& * 60.0)

PROCEDURAL ( e23&z& - eS&z&, e7&z&, e9&z&, e22&z&)
e23&z& - e22&z& / 3.0
IF ((e5&z& .LT. 0.0) .or. (e7&z& .LT. 0.0) .or. (e9&z& .LT. 0.0)) 1

e23&z& - e22&z& / 40.0
END
PROCEDURAL ( thdot2&z& = e23&z& , snegvl&z& )

IF ((e23&z& + snegvl&z&) .LT. -6.766 ) thdot2&z& - -131.646
IF ((e23&z& + snegvl&z&) .G0. -6.766 1

.AND. (e23&z& + onegvl&z&) .LT. -0.08445) &
thdot2&z& - (93.0 * (e23&z& + snegvl&z&) + 7.854 ) / 4.72

IF ((e23&x& + snegvl&z&) .G0. -0.08445 .AND. &
(e23&z& + snegvl&z&) .LT. 0.08445) thdot2&z& - 0.0

IF ((e23&z& + snegvl&z&) .01. 0.08445 .AND. &
(e23&1z * snegvl&z&) .LT. 1.316) &
thdot2&z& - (93.0 * (e23&1& + snegvl&l&) - 7.854 ) / 4.72

IF ((e23&z& + snegvl&z&) .O. 1.316 .AND. &
(*23&1& + snegvl&&) .LT. 109.84) &
thdot2&l& - (93.0 * (e23&:& + snegvl&s&) + 2159.42 ) / 94.0
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IF ((e23&z& + snegvl&z&) .GZ. 109.84) thdot2&z& - 131.646
END

alphaz - LIMINT( (57.3/55.64)*thdot2&z&,alphazi,alpha&z&ll,alpha&zaul)

MACRO END

i >>>>>>>>>>>>>>>>>>> End of 7sz8 Model MACRO << < <
------------------------------------------------------------------

I >>>>>>>>>>>>>>>>>> Begin MFC Model MACRO <<<<<<<<<<<<<<<<<<<<

I file name: mfcO.mac clp 9-apr-91
I
I Main fuel controller model for the LM2500 gas turbine. It

has been developed based on references (1],[2], and 15] of
I LM2500.ref.

I This model requires the following files which contain
I function data and the necessary lookup routines:

/models/LM2500/fun/data/LK25libl .a
/models/LM2500/fun/data/lookuplib. a

I

I CHANGE RECORD:
--------------

i Version Date Engr Description

0 17apr9l clp Model developed and installed.

1 18apr91 clp Change wfueli to wfuel in afl&za
calculation

£ 2 2may9l clp Modified MACRO argument list (added zoo
to appropriate arguments)

MACRO mfcO(z,t2,thet2n,sqrth2,alphaz,nggzps3z,FargO,Fargl,nggzi, &
ps3zi,wfuelzi, alphazi,wfuelz)

I inputs: z - concatenation variable
t2 - compressor inlet total temperature

thet2n - temperature correction factor
sqrth2 - square root of theta2
alphaz - rotary actuator position (actual TIC to NYC)

nggz - gas generator speed
ps3z - compressor discharge static pressure

I FargO FORWARD lookup function interpolation flag
I FargS - BACKWARD lookup fun intorp (ARM 1 dependent)

nggzi - gas generator speed IC
ps3zi = compressor discharge static pressure IC
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I wfuelzi - wfuelz IC
I
I outputs: alphazi m alpha IC

wfuelz - fuel flow rate

------------------ Declare array, variable and constant types

DIMENSION mfw&z&(3)

I------------------Define some constants for the MFC model

CONSTANT mfw&z& - 159.4, 2091.3, 13659.6
CONSTANT mfkac&z& - 0.582
CONSTANT mfkfr&z& - 0.17259
CONSTANT mfkmv&z& - 23.0
CONSTANT mfkn&z& - 4.608E-8

I +++++++ Begin INITIAL Section ++++++++++++++++++++++++++++++++++
INITIAL

------- Calculate MFC model ICe -r-> NOTE: the wfuelzi
and ps3zi calculations have been moved to the

I LM25qg0 MACRO since that is where the functions
I are shown in reference (1]

emffb&z&i - 0.0
Amv&z&i - BOUND ( 0.0, 1.0, (-mfw&z&(2) + &

sqrt(mfw&z&(2)**2.0 - 4.0emfw&z&(3)*(mfv&z&(1) &
- wfuelzi)))/(2.0*mfw&z&(3)))

arllg&z&i - xmv&z&i
drllgazai - xmv&z&i
ps3wc&z&i - ps3zi
nggl&z&i - nggzi
I
I Put variables based on function lookups
I in a PROCEDURAL

I
PROCEDURAL (alphazi - nggzi,Fargl)

alphazi = Ordngg( 0.0, nggzi,Fargl)
END I --- End IC function lookup PROCEDURAL

END i---of initial

I +++++++ Begin DERIVATIVE Section ++++++++++++++++++++++++++.+++++++

------- The XFC section has been modified to simplify the
I calculation of AFL and DFL based on reference [51

------------------Demand gas generator speed

dngg&z& - Ordngg (alphaz, 0.0, FargO)

I------------------Error signal

engg&z& = (ufkn&a&*((dngg&z&**2) - (nggz"*2)) - emffb&&&)
emfeat&s& a BOUND (dfl&z&, afl&z&, engg&2&)
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erxiz& - BOUND (dfrl&x&, afrl&z&, omfmat&x&)

-- Feedback signal (see pages C-2,8-9 and
I figures 8-C and 9-c of reference [5])

emffb&xz& - REALPL(0.50,(11.5*erx&5&), emffb&z&i)
afrl&z& - - (2.0 * emffb&z& - ufkfr&z&)
dfrl&z& - - (2.0 * emffb&z& + mfkfr&z&)

I---------------- Acceleration & deceleration limits (see pages
C-2,5 and figure 3-c of reference (5])

afl&z& = (ALOG(wfac&z&/wfuelz) * mfkac&z&)

dfl&z& - afl&z& - 0.93669

------ Calculate wfac

ps3wc&z& - REALPL( 0.04, ps3z, pa3wc&a&i
nggl&z& - REALPL(0.04, nggz, nggl&z&i)
wfac&z& - (Fvacc(nggl&z&/sqrth2, t2) * (thet2n) * ps3wc&z&)

----- Calculate fuel valve position and the fuel

£ as a function of position

xmv&z& - (INTEG(2.0 * emffb&z&, xmv&z&i) + emffb&z&)

wfuelz mfw&z&(3)*xuv&z&**2 + mfw&z&(2)*xmv&z& + mfw&z&(1)

MACRO ED

I >>>>>>>>>>>>>>>>>>> End of MFC Model MACRO <<<<c<<-C<<<<<<<<«

S>>>>>> Begin Gas Generator and Power Turbine Model MACRO <<<<<<

I file name: LM25gtO.mac clp 9-apr-91
I
I Gas generator and power turbine model for the LM2500 gas
I turbine. It has been developed based on references [1],[2],
1 [3], and (41 of LM2500.ref. It is essentially a MACRO
I version of the model included in the simulation reported

in [1].

This model requires the following files which contain
I function data and the necessary lookup routines:
I

/models/LN2500/fun/data/LM25libl.a
/models/LN2500/fun/data/lookuplib.a

I
I it also needs the following parameters:

rymrad, ftlbhp

froms /h•ao/ra4/patterson/acsl/constants .mod
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CHRANGE RECORD:
-- -- - -- -

I Version Date Zngr Description
I------------ ------- ---- -----------------------------------------

0 17apr91 cip Model developed and installed.

1 30apr9l clp Add torque base (qptb) calculation

2 2may91 clp Modified MACRO argument list (added z'o
to appropriate arguments)

3 14may9l clp Add horsepower base to MACRO argument list
as hpzb and make necessary code changes

MACRO LM25gtO(z,t2,delta2,sqrth2,thet2n,thta2v,ki,kgc,FargO,Fargl, &
ticz,wfuelz,nptzi,qloadi,nggzi,iptz,ps3z,ps3zi,p54z, &
p54zi,wfuelzinggz,nptz,nptzb,qez,qptzb,hpzb)

I inputs: z - concatenation variable
t2 - compressor inlet total temperature

delta2 - ambient pressure correction factor
sqrth2 - square root of theta2
thet2n - temperature correction factor

ki - conversion factor for rotational accel
kgc - conversion factor for pounds mass to slugs

I FargO - FORWARD lookup function interpolation flag
I rFargl - BACKWARD lookup fun interp (ARG I dependent)
I ticz - throttle input command
I wfuelz - fuel flow rate

nptzi - power turbine shaft speed IC
qloadi - qload IC

I outputs:nggzi - gas generator speed IC
iptz - rotational inertia of power turbine
ps3z - compressor discharge static pressure

I ps3zi - psi3 IC
p54: - power turbine inlet pressure

p54zi - p54z IC
wfuelui - wf IC

ngg: - gas generator speed
nptz - power turbine shaft speed

nptzb - power turbine shaft speed base RPM
qez - power turbine shaft output torque

qptab - power turbine shaft base torque [LB-FT]

------------------ Declare array, variable and constant types

LOGICAL lt54&x&a, lngg&z&a
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INTEGER kalarmiz&, kshtdn&z&, ktbl&z&

----- Define the difference between gas generator
turbine exhaust temperature (T51) and power

z turbine inlet temperature (T54) as a function of
gas generator speed (NGG) and power turbine speed

I (NPT) [DEG F). See DHns notes of 1/8/90 for the

I source of this data

TABLE Tdt54&z&,2,6,6/ &
0.0, 54.19, 76.32, 86.50, 96.67, 999999.0, &
0.0, 500.0, 2000.0, 3000.0, 3960.0, 99999.0, &

46.3, 46.3, 31.3, 47.3, 58.3, 58.3, &
46.3, 46.3, 31.3, 47.3, 58.3, 58.3, &
52.3, 52.3, 38.3, 50.3, 61.3, 61.3, &
52.3, 52.3, 44.3, 55.3, 63.3, 63.3, &
52.3, 52.3, 50.1, 61.3, 68.3, 68.3, &
52.3, 52.3, 50.1, 61.3, 68.3, 68.3/

---------------- Define the power turbine speed setpoint
and the gas generator design rpm

CONSTANT nptzb - 3600. -- power turbine rpm base
CONSTANT hpzb - 25000.0 1 -- power turb base horsepower
CONSTANT ngg&z&b - 9827. 1 -- gas gen design rpm base (100 pct)

---------------- Define the inertia of the gas generator rotor
l This value is from LK25macO.mod reference [2)

CONSTANT igg&z& - 566.7785 1 -- lbm-ft**2

------ Define the inertia of the power turbine, use
value specified by GE (via Lee Tupper)

! (iptz- 1915 for validation check, see ref [2])

CONSTANT iptz - 2171.5 1 -- lbm-ft**2

I +++++++ Begin INITIAL Section ++++++++++++++++++++++++++++++++++++
INITIAL
I ------ Initialize alarm and shutdown parameters

It54&z&a - .FALSE.
lngg&z&a - .FALSE.
kalarm&z& = 0
kshtdn&z& - 0

1 ----------------- calculate power turbine base torque

qptzb - (hpzb * ftlbhp * rpmrad) / nptzb

----- calculate gas generator and power turbine
model ICs, p54zi for the FSEE model, and

I ps3zi and wfuelzi for the mFC model

kpngg&z& = (100.0 / nggaz&b)
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nptr&z&i - uptzl. / sqrth2
delvf&z&i - 0.0

I Put variables based on function lookups
I in a PROCEDURAL
I
PROCZDURAL(pnggr&z&i,t4pl&z&i,tSlpl&z&i,p54r2&x&i,ps3r2Iz&i,vfuelzi &

- nptrazai,delvfazli,qloadi,delta2,Fargl,tbta2v,thet2n)

pnqgr&z&i - Fdqp(0.0,nptr&zai,delvf&z&i,qloadi/delta2,Fargl)
t4plaz&i - 1t4(pnggr&z&i,nptr&z&i,delwf&z&i) * thta2v
t~lpl&z&i = 7t5l(pnggr&z&i,nptr&z&i,delvf&z&i) *thta2v

p54r2&z&i - 7p54 (pnggr&z&i,nptr&z&i,delvf&z&i)
ps3r2&zai - Fps3 (pnggr&z&i,nptr&z&i,delwf&z&i)
vfuelzi -Pvfs(pnggr&z&i,nptr&z&i)* thet2n * delta2

END
I

I End IC function lockup PROCEDURAL

nggzi - (pnggr&z&i /kpngg&z& ) sqrth2
p54zi - p54r2&z&i *delta2
pe3zi - ps3r2&z&i *delta2
EMD I --- of initial

I ....... Begin DERIVATIVE Section ...........+.+HI................+..

I ------------------ GM GENERATOR SECTION---------------------------

I ------------------ Calculate delvf

wfor2fiz& - Fvfs(pnqgr&zk,nptr&z&)
delvf&x& - ( (vfuelz / (thet2n * delta2 ))-vfsr2&z&

----------- Calculate remainder of gas generator model

variables

t4r2&z& - Ft4 (pnggr&z&,nptr&z&,delvf&z&)
w4r2&z& - 7v4(pnggr&z&,delvf&z&)
t4p&z& - (t4r2&z& * thta2v)
w4&z& - v4r2&z& * ( delta2 Isqrth2)
tut4h&z& - 0.206785 * ( w4&z& **0.6 ) / ( t4p&z& ** 0.4)
t4pl&z& - REALPL( 1/tut4h&z&,t4p&z&,t4pl&z&i)
t4u&z& - Ct4p&z& - t4pl&z& )*tut4h&z& *49.979957
dt4hs&z& - -( t4u&2& / v4&z&
t4&z& - (dt4h*&z& + t4p&z&)
q4r2&x& - rq4( pnggraza,nptr&x&,delvf&z&)
q4&z& - q4r2&z& * delta2 )
dq4s&z& - ((dt4hs&z& / t4p&z& )*q4&iz&
dqbr2&z& = Fdqh( pnggr&:&,delvf&z&
qhaz& - (( dqhr2&z& *delta2 ) + dq4s&a&
ngg: zuITza( qh&xI ki 3 igg&z& ),nggzi
pngg&:& - ( nggz *kpngg&z&
pnggraz& - pngg&z& /sqrth2
ps3r2&u& - Fps3(pnggr&za,nptr&x&,delvf&sI)
ps3z -ps3r2as& * delta.2
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---------- POMZR TURBINE SECTION -------------

t5lr2&z& - rt51 (pnggrlz&,nptr&z&,delVf&z&)
v54r2&z& - 7v54(pnggr&z&,delvf&z&)
t~lp&z& - t51r2&z& * thta2v
v54&z& - v54r2&z& * (delta.2 / qrth2)
tut5lh&z& - 0.06875 * (v54&z& **0.8 ) / ( t5lp&z& ** 0.4)
t5lp1&z& - REAIXJL( 1/tut5lh&z&,t~lp&z&,t~lpl&z&i)
t~lu&z& - (t~lp&z& - t~lpl&z& )*tut5lh&z& * 116.0073
dt5lho&z& - -( t~lu&z& / v54&z&
t51&z5 - (dtSlhn&z& + t~lp&z&)
t541z& - t5l&z& -459.7 - Tdt54&z& (pnggr&z&, nptr&z&)
t~lq&z& - (t51&z& It51p&z&)
p54r2&z& - 7p54 (pnggr&z&,,nptr&z&, delvf&z&)
pS4z - p54r2&z& * delta2 * .qrt ( t~lq&z&
dqptr&z& - Fdqp(pnggr&z&,nptr&z&,delvf&z&, 0.0,Farg0)
qez = t5lq&z& *dcitr&z& * delta2

nptr&z& - nptz /s~rth2

I-------------------Alarm and simulation shutdown section -----

PROCEDURAL ( kalarm&z&, kshtdn&z& - t54&z&, nggz, nptz, ticz)

IF ((t54&z& .GT. 1500.0) .AND. (.NOT. 1t54&z&a)) THEN
1t54&z&a - TRUE.
kalarm&z& -kalarm&z& + I
PRINT LO1&z

LO1&z&..FORN&T(/,, -- > ALARx condition: t54&z& .GT. 1500 <-'I
ELSE IF ((t54&z& .LT. 1500.0) .AND. lt54&z&a) THEN

1t54&z&a - FALSE.
kalarm&z& akalarmaz& - 1

ELSE
CONTINUE

ENDIF

IF (t54&z& .GT. 1530.0) THEN
kshtdn&z&- kshtdn&z& + 1
PRINT L02&z

L02&z&..FORNAT(/,' -i--> SHUTDOWN Condition: t54&z& .GT. 1530 <-'/

IF ((nggz .GT. 9700.0) .AND. (.NOT. Ingg&z&a)) THEN
kalarm&z& - kalarmizA + 2
PRINT L03&z

L03&z&..FORN&T(/,* i---> ALARM Condition: nggz .GT. 9700 <-/

ELSE IT ((nggz .LT. 9700.0) .AND. lngglz&a) THEN
lngglz&a - FALSE.
kalarmiz& kalarux~z& - 2

ELSE
CONTINUE

ENDir

IT (nggz QGT. 10122.0) THEN
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kahtdnaz& - kshtdn&z& + 2
PRINT L04&Z

L04&z&..FORM&T(/,' -- m> SHUTDOWN Condition: nggz .GT. 10122 rn-/

IF (nptz .GT. 3960.0) THEN
kshtdn&z& - kahtdn&z& + 4
PRINT LOSA:

L05&z&..FORMAT(/,* i--a> SHUTDOWN condition: nptz .GT. 3960 <(-rnr,

IF ((flptz .LT. 100.0) .AND. (ticz .GT. 30.0)) THEN
kshtdn&z& = kshtdn&za + 8
PRINT L06&2

L06&z&..FoEIIAT(/,' -urn> SHUTDOWN Condition: nptz .LT. 100 mn'/

ENDIF

END

I-------------------See if any of the data lookup tables were overrun

PROCEDURAL ( ktbl&z& - pnggr&z&,nptr&z&,p54q&z&,nptq&z&,nggz,t2)
ktbla~za - 0

IF ((pnggr&Z& .LT. 46.81) OP?. (pnggr&z& .GT. 99.73)) THEN
ktb1~z& - ktbl&z& + 1
PRINT Ltl&Z, pnggrlz

Lt1&z&..FORPAT(/,' --- > TABLE OVERRUN : 46.81 < puggr&z& < 99.73', &
(pnggr&z& - 0,F6.2,1 '/

END! F

IF ((nptr&z& .LT. 600.0) .OR. (nptr&z& .GT. 4000.0)) THEN
ktbl&z& - ktbl&z& + 2
PRINT Lt2&z, nptr&z

Lt2az&..FORXAT(/,* r--- > TABLE OVERRUN t 600 < nptr&z& < 4000', &
Crnmin,/,' (nptr&z& - ',r7.1,- '/

ENDIF

IF ((p54q&z& .LT. 1.00) .OR. (p54q&z& .GT. 4.60)) THEN
ktblaz& an ktbl&z& + 4
PRINT Lt3&z, p54q&z

Lt3&z&..FORXAhT(/,' r--- > TABLE '1VERRUN : 1.00 < p54q&a& < 4.60', &
* <---'.1,' (p54q&z& a- ,F4.2,- 'I

ENDIF

IF ((nptq&z& .LT. 21.933) .OR. (nptq&z& .GT. 175.467)) THEI
ktbl&z& m ktbl&z& + 8
PRINT Lt4&z, nptq&z

Lt4&z&..FORXAT(/,' r--n> TABLE OVERRUN t 21.93 < nptq&z& < 175.47', &
* (min',,' 4nptq&s& a 1,F7.2,1 )@,/)

1F ((nggz .LT. 4000.0) Oft. (fl93 .GT. 10000.0)) THEN
ktbl&26 - ktbl&z& + 32
PRINT Lt5&x, nggz



LtS&Z&..FORN&T(/,' m-> TABAL OVERRUN : 4000 < nggz < 10000', &
( pnggr&z& , ,17.1, )',/)

INDIF
I

IF ((t2 .LT. 430.0) .OR. (t2 .GT. 595.0)) TREN
ktbl&z& - ktbl&z& + 64
PRIM Lt6&z, t2

Lt6&z&..FORNAT(/,' -m> TABLE OVERRUN : 430 < t2 < 59S', &
I m , , t2 - ',F6.1,' - , '

ENDIF

END

I This simulation termination criteria should be enabled when the
I final outer loop controls and generator and motor models are
I installed.

TEzRT (kshtdn&z& .gt. 0,' -mm> TURBINE SHUTDOWN OCCURRED ')

TEzRT (ktbl&z& . gt. 0,' -> TABLE OVERRUN OCCURRED O)

MACRO END

i >>>>>>> End Gas Generator and Power Turbine Model MACRO <<<<
I.....................................................................

A.10 Gas Turbine Governor
I M
I >>>>>> Begin Power Turbine Shaft Speed Control Model MACRO <<<

file name: LM25crpm4.mac clp 22-nov-91
I
I This macro is a slight modification of "L125crpm2.mac"

to permit testing of the reduced-order models of the
I electrical components.
I
I This program generates a throttle input command (ticmdz)
I to control power turbine shaft speed to a reference input
I which is equated to the base shaft RPM (for the LM2500 the
I base speed is fixed at 3600 RPM). The controller sums two

inputs (ticn and tics) which are generated by a P/I
I controller and a horsepower demand circuit, respectively.
I The power demand circuit accepts a desired per unit steady
I state power demand and determines the equivalent steady
I state power lover angle (tics). (NOTE: the P/I controller

has been *tuned" to a reference speed of 3600 RPM and the
I table "Talpha&z&w has been developed for that speed.)
I
I The P/I controller generates an error signal,

nerr - nptref - npt

----------------------------------------------------------------

MODELING COUVZNTIOVSs
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I -I I I I I

(1) Use CAPS for ACSL statements, ACSL variables, etc.

(2) Use lover case for all model variables.

(3) Begin Table names, Function names and related control
variables with a capital letter.

----------------------------------------------------------------

I CHANGE RECORD:
--------------

Version Date Zngr Description

0 22nov9l clp Model developed and installed.

1 13may92 ow deleted "CONSTANT lpwrdz . FALSE.0

2 19jun92 ow deleted variables hpgen, lpwrdz, and hpgeni

3 02nov92 tjm declared lhold&x&PI as LOGICAL to fix PC
compiler problem.

MACRO LM25crpm4(z,nptzb,nptzord,nptzordi,nptzi,nptz,hpzb, &
hpgen, hpgeni,hpzord, hpzordi, lpwr, &
ticzulticzll,ticmdz,ticmdzi)

I inputs: z - concatenation variable
nptzb - power turbine shaft speed base RPM

nptzord - ordered power turbine shaft RPM
nptzordl - ordered power turbine shaft RPM IC

nptzi - power turbine shaft speed IC
nptz - power turbine shaft speed RPM
hpzb - power turbine shaft base horsepower

hpgen - generator horsepower
hpgeni - generator horsepower IC
hpzord - ordered turbine horsepower

hpzordi - per unit turb horsepower desired IC
lpwr - true for power demand mode

outputs: ticmdz - throttle input cosmand
ticmdzi - throttle input comnand IC

----------------- Define the table for alpha- f(percent qpt). This
table was originally developed using LM25test.cosl
with alphaqpt.rtc to obtain IC values of alpha for
kqload values corresponding to the percent base
load torque of a 25000 SH3 power turbine operating
a 3600 RPM. Then, when the controller was added
to LK2Stest.csl, the data was refined by setting
khpsstl to the per unit equivalent of percent 3P
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and using the command sequences
£

£ SET tstp-0
I START

I NALYS/TRIN
I D khpsutl, alphatl

to determine the trimmed value of alphatl. An
£ additional point war added for khpsstl-l.05 pu.
I

TABIZ Talpha&z&,1,16/ &
-100.0, 00.0, 05.0, 10.0, 20.0, 30.0, 40.0, 50.0, &

60.0, 70.0, 80.0, 90.0, 100.0, 105.0, 110.0, 999.9, &
13.000, 13.000, 49.4295, 54.6614, 61.0988, 66.6192, &
71.5426, 75.7921, 80.0053, 84.1948, 88.9893, 94.0248, &
98.9640, 102.5660, 108.0, 108.0 /

LOGICAL lhold&z&Pi

I +++++++ Begin INITIAL Section +++++++++..++++++++++ ...........+++.

INITIAL

lhold&z&PI - .false.
i ----------------- Power turbine shaft speed reference setpoint

npt&z&ri - nptzordi

- calculate speed controller throttle input
£ command IC

nerr&z&i - npt&z&ri - nptzi
pcntrl&z&i - kcl&z& * norr&z&i
icntrl&z&i - nerr&z&i
ticn&z&i - pcntrl&z&i + icntrl&z&i

pvrd&s&i - 100 * (hpzordi / hpxb)
tics&z&i - Talpha&z&(pwrd&z&i)

ticmdzi - (ticn&z&i + tics&z&i)

END I ++++..++++++ of INITIAL

. .++++++ Begin DERIVATIVE Section ++++++++++++++++++++++.+++++++++++

---------------- Shaft speed control constants

COESTANT kcl&2& - 0.5, tcl&z& - 3.0

----------------- P/I integrator bound

CONSTANT iclim&z& - 70.0 £ liLit integrator to avoid windup
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----------------- shaft speed controller ( generates throttle input
command -- ticmdz - ticn + tics). A simple P/I

I controller generates the ticn term given a
1 reference speed, the actual speed and a calculated

delta RPM proportional to horsepower demand. The
tics term is based on a per unit desired horsepower
input command. Since constant speed is assumed,
the per unit horsepower is also the per unit torque.

hpt&z&ord - RSW(lpwr,hpzord,hpgen) I ordered turbine hp
npt&z&r - nptzord
hp&z&d - BOUND(0.0, hpzb, hpt&z&ord) I -- limit demand to rated HP

nerr&z& - (npt&z&r - nptz) i speed error
pcntrl&z& = (kcl&z& * nerr&z&) I proportional control
icntrl&z& - LIMIHT((kcl&z&/tcl&z&)*nerr&z&*kholdPI&z&, nerr&z&i, &

-iclim&z&, iclim&z&) I integral control

ticn&z& - pcntrl&z& + icntrl&z I -- ticn

pwrd&z& - 100 * (hpt&z&ord / hpzb) I -- percent power demand
tics&z& - Talpha&z&(pwrd&z&) I -- tics

PROCEDURAL (ticmdz, kholdPl&z& - ticzul,ticzll)
ticmdz - (ticn&z& + tics&z&)
IF((nerr&z& .GT. 0.0) .AND. (ticmdZ .GT. (ticzul+1.0)))THEN

lhold&z&PI - .TRUE.
ELSE IF ((nerr&z& .LT. 0.0) .AND. (ticMdz .LT. (ticzll-1.0)))THEN

lhold&z&PI = .TRUE.
ELSE

lhold&z&PI - .FALSE.
ENDIF
kholdPl&z& - RSW(lhold&z&PI, 0.0, 1.0)

END I of procedural

MACRO END

I>>>>>>>> End Power Turbine Shaft speed control Model MACRO <<<<<<<<

A.11 Gas Turbine Mechanical Interface

i >>>>>> Begin Source/Load Interface Dynamics Model MACRO <<c<<<

file name: tgid2.mac clp 13-may-91

I This program models the mechanical dynamics interface
I between a prime mover (such as a gas turbine) and its load
I (such as a generator) as a simple reduction gear. The

model includes a reduction gear and all variables are
I referred to the DRIVE (source) shaft. It does not include
I shaft torsional dynamics. one SIGNIFICANT VARIATION is
I that it computes drive shaft acceleration as d(RPM)/dt
I rather than d(RAD/SEC)/dt. A gear torque loss term is

included in the model. The gear loss coefficient, pctid,
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I has been met to a nominal value of 0.01 which can be
I changed at run time.

I The model in a modification of tgidl.mac which has been
I developed for all variables referred to the load shaft.

IAs in the case of tgidl.mac, the inertia inputs must be
I specified in the WR^2 (LBm-FT'2) form.

I Needs following parameters:

rpmrad, gcons

I from: /home/ra4/patterson/acsl/constants.mod

MODELING CONVENTIONS:

1 (1) Use CAPS for ACSL statements, ACSL variables, etc.

1 (2) Use lower case for all model variables.
I
1 (3) Begin Table names, Function names and related control
I variables with a capital letter.

I CHANGE RECORD:

I Version Date Engr Description
---------------- ------- ---- -----------------------------------------

0 15may9l clp Model developed and installed.

1 06apr93 tjm Changed pctidl to pctid&z& to allow
using more than one unit.

I---------------------------------------------------------------

MACRO tgid2(z,qsrc,jjsrc,nsrcb,qsrcb,qloadi,qload, jjload,nloadb,
nloadi,dnsrc,nsrc,nsrci,qsrci,dnload, nload)

I inputs: z - concatenation variable (1, 2, gl, etc)
qsrc - input (source) shaft drive torque [LB-FT]
jjsrc - input shaft inertia [LB-FT^2]
nsrcb - input shaft base speed [RPM]
qsrcb - input shaft base torque [LB-FT]

qloadi - output (load) shaft initial torque [LB-FTJ
qload - output (load) shaft torque (LB-FT]

jjload - output shaft inertia ILS-FTT2]
nloadb - output shaft base speed [RPM)
nloadi - output shaft initial speed [RPM]

I outputs: dnsrc - input shaft base accel [RPM/SEC]
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nero - input shaft base speed.[RPH]
z nsrci - input shaft initial speed [RPM]
I qsrci - input shaft initial torque [LB-FT]
£ dnload - output (load) shaft accel [RPm/SIc]
I nload - output (load) shaft speed [RPM]

CONSTANT pctid&z& - 0.01 1 -- percent loss torque factor

I +++++++ Begin INITIAL Section .++...... ....... it is i & ii

INITIAL

- calculate gear speed ratio

id&z&gr - narcb / nloadb

I -- Calculate total inertia referred to load shaft

iitid&z& - (Jjsrc / gcons) + (Jjload / gcons) / id&a&gr**2

I - Cale initial source shaft speed

narci - nloadi * id&z&gr

- Calc torque loss constant and initial torque loss

cqlid&z& - (pctid&z& * qsrcb) / (nsrcb*nsrcb)
qlid&z&i - cqlidaz& * narci * ABS(nsrci)

- Calc initial source shaft torque

qsrci - (qloadi + qlid&z&i) / id&z&gr

END I +.++++++.+++ of INITIAL

I ++.++++ Begin DERIVATIVE Section +++++++++++++++++..++++++++++++++++.

I --- Calc LOAD shaft speed (accel) in units of
RPM (RPM/SIC)

qlid&z& - cqlid&z& * nsrc * ABS(nsrc)

dnsrc - (rpmrad * (qsrc - (qload/id&zs&gr) - qlid&z&) / iitid&z&)
nsrc = INTEG (dnsrc, nsrci)

-......... Calc SOURCE shaft speed (accel) in units of
I RPM (RPM/SIC)

dnload - dnsrc / id&z&gr
ntoad - nsrc / id&z&gr

MACRO BUD

I >>>>>>>> End Source/Load Interface Dynamics Model MACRO <
------------------~------------------------------------------
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A.12 Mechanical Load

Mechanical Load Model

Copyright 1992 by Timothy J. McCoy

I Macro: load.mac
I
I Function: models a mechanical load applied to a motor. Allows

various types of loads to be simulated through the use
of a second order polynomial.

Concatenation
I z machine identifier

Inputs
I Wm machine speed [per unit)

outputs
I tm mechanical load torque(per unit]

Constants
I a&z& J quadratic polynomial constant [ ]
I b&z& = linear polynomial constant [ ]
I c&z& - constant term of polynomial [ J

State variables
NONE

Initial conditions
NONE

MACRO load (z,wm,tm)

CONSTANT a&z& - 0.0
CONSTANT b&z& - 0.0
CONSTANT c&z& - 0.0

INITIAL

END I--- of initial section

z---beginning of derivative section

tm - a&z&*wm**2 + b&z&'vm + c&z&

1--- end of derivative section
MACRO END
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A. 13 Ship's Service Load

Ship.s service Load

Copyright 1993 by Timothy J. McCoy

Record of changes

I No. Date By Summary
I --- --------------------------------------------------------------
1 0 3-27-93 tim model written.

I macro: shipserv.iac
I function: models a constant power load

CONCATENATION
I z - motor identifier
I

IINPUTS
I vd - D-axis terminal voltage [per unit]
I vq - Q-axis terminal voltage [per unit]

OUTPUTS
I id - D-axis terminal current (per unit]
I iq - Q-axis terminal current [per unit]
I
I CONSTANTS
I p&z& - Real power load [per unit]
I q&z& - Reactive power load [per unit]

INTERNAL
NONE

MACRO shipserv (id,iq , vd,vq,z)

Begin Derivative section

I --- parameters
CONSTANT p&z& - 0.0
CONSTANT q&z& - 0.0

PROCEDURAL( id, iq,q&z&,p&z&)
vt&z&2 - vd*vd + vq*vq
id - (vd*p&z& + vq'q&z&)/vt&s&2
iq - (vq*p&z& - vd*q&z&)/vtaz&2

END I --- of procedural

MACRO END I---of shipserv

A. 14 Base Conversions
I---------------------------------------------------------------------
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BASE COUVZRSION MACRO

copyright 1993 by Timothy J. McCoy

Record of Changes

I No. Date By Summary

0 4-08-93 tjm model written.

macro: baseconv
I function: calculates conversion factors for converting

quantities from one base to another base.

CONCATENATION
NONE

INPUTS
I basevl n base voltage converted from

basev2 - base voltage converted to
I basekvl - base power converted from

basekw2 - base power converted to

OUTPUTS
I kv12 M voltage conversion factor
I kvl2 - power conversion factor

I 1d2 M current conversion factor
kzl2 M impedance conversion factor

CONSTANTS
NONE

MACRO baseconv(kvl2,kkwl2,ki12,kzl2 , basevl,basev2,basekwl,basekw2)

kvl2 a basevl/basev2
kkwl2 - basekwl/basekw2
kil2 - kkvl2/kvl2
kz12 - kvl2**2/kkvl2

MACRO END I of baseconv

A.1S Misceflaneous Constants
I----------------------------------------------------------------

PHYSICAL CONSTANTS INCLUSION FILE

copyright 1993 by Timothy J. McCoy

-------------------------------------------------------------------

CONSTANTS
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NAME VALUE USED By
I - - - - -- - - - - - - - - - --- - -- - - - - - - - - - -

I krt3 - SQRT(3) - 1.7320508 vreg2.mac, freqchg2.mac
1 krt302 - SQRT(3)/2 - 0.8660254 vreg2.mac
I kpio2 - PI/2 - 1.570796 conmtr.mac
I k3rt3opi - 3*SQRT(3)/PI - 1.6539866 freqchg2.mac
I k2rt3opi - 2*SQRT(3)/Pl - 1.1026577 froqchg2.mac, conmtr,mac
I k2ort3 - 2/SQRT(3) - 1.1547005 freqchg2.mac
I kpi - PI - 3.1415927 conmtr.mac

PARAMETER (krt3o2 - 0.8660254)
PARAMETER (kpio2 - 1.570796)
PARAMETER (k3rt3opi - 1.65398669)
PARAMETER (krt3 - 1.73205081)
PARAMETER (k2rt3opi - 1.10265779)
PARAMETER (k2ort3 - 1.154700538)
PARAMETER (kpi - 3.1415927)
1--- END of 'constant.inc'

A.16 Circuit Breaker
£--------------------------------------------------------------------

circuit Breaker Model

Copyright 1993 by Timothy J. McCoy

Record of changes

I No. Date By Sunwary

1 0 4-21-93 tjm Model written.

I macro: cb.mac
I function: models a lossless switch for disconnecting generators

from the main bus (works for components which input
currents and output voltages).

CONCATENATION

INPUTS
I lcb - logical variable to indicate closed (.TRUE.)

or open (.FALSE.)
I vdbus - D-axis bus voltage [per unit]
I vqbus - Q-axis bus voltage (per unit]

vdgen - D-axis generator terminal voltage [per unit]
I vqgen - Q-axis generator terminal voltage [per unit]
I id - D-axis generator terminal current (per unit]

iq - Q-axis generator terminal current [per unit]

OUTPUTS
I vdcb - D-axis circuit breaker voltage [per unit]
I vqcb - Q-axis circuit breaker voltage [per unit]
I idcb - D-axis circuit breaker current [per unit]
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I iqcb - Q-axis circuit breaker current [per unit]
I

CONSTANTS
!

! INTERNAL
!

MACRO cb (vdcbvqcb,idcb,iqcb , lcb,vdbusvqbus,vdgen,vqgen,id,iq)

I Begin Derivative Section

IF (lcb)TREN
vdcb - vdbus
vqcb - vqbus
idcb - id
iqcb - iq

ELSE
vdcb - vdgen
vqcb a vqgen
idcb - 0.0
iqcb - 0.0

ENDIF
MACRO END i---of cb

A17 Inverse Park's Transform
I---------------------------------------------------------------------

I

INVERSE PARK'S TRANSFORMATION DQ-->ABC VARIABLES

copyright 1992 by Timothy J. McCoy

I---------------------------------------------------------------------

Record of changes

I No. Date By summary

1 0. 12-1-92 tim Model written.
1 1. 12-3-92 tjm Removed Definition of twopi3, it is defined

in 'constants.inc-.
2. 12-6-92 tjm changed to unitary form of transformation.

1 3. 3-15-93 tim Changed back to Prof. Kirtley's transformation

macros ipark
I function: Performs an inverse D-Q transformation on its inputs.

I

I CONCATENATION
! none

INPUTS
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I fq - Q-axis variable [per unit]
I fd - D-axis variable (per unit]
I theta - the integral of the speed of rotation of the D-Q

reference frame.
!

OUTPUTS
I fa - A-phase variable [per unit]

fb - B-phase variable (per unit]
fc - C-phase variable [per unit]

CONSTANTS
k2pio3 - 2'pi/3 - 2.094395

1 krt2o3 - sqrt(2/3) - 0.81649658

INTERNAL (STATE OR STATE RELATED)
none

INTERNAL (NOT STATE RELATED)
none

CONSTANT k2pio3 - 2.094395

MACRO ipark (fa,fb,fc,fq,fd,theta)

1 Begin Derivative section

fa - (fd*cos(theta) - fq*sin(theta))
fb - (fd*cos(theta - k2pio3) - fq*sin(theta - k2pio3))
fc - (fd*cos(theta + k2pio3) - fq*sin(theta + k2pio3))

I End of Derivative Section
| tI fwB iwR l i il i f Ui

MACRO END I of ipark

A.18 Park's Transform

PARK'S TRANSFORMATION ABC-->DQ VARIABLES

Copyright 1992 by Timothy J. Mccoy

I---------------------------------------------------------------------

Io a

Record of Changes
I
I No. Date By Suimary

£ 0. 12-1-92 tjm Model written.
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1 1. 12-3-92 tjm Removed Definition of twopi3, it is defined
I in 'constants.inc'.
1 2. 12-6-92 tjm changed to unitary form of transformation.

1 3. 3-15-93 tjm Changed back to Prof. Kirtley's transformation

I macro: park
I function: Performs a D-Q transformation on its inputs.

I
I CONCATENATION

z - synchronous machine identifier

INPUTS
fa - A-phase variable [per unit]

fb = B-phase variable [per unit]

I fc - C-phase variable (per unit]
theta - the integral of the speed of rotation of the D-Q

reference frame.

OUTPUTS
fq - Q-axis variable (per unit]
fd - D-axis variable [per unit]

CONSTANTS
k2pio3 - 2*pi/3 - 2.094395
krt2o3 - sqrt(2/3) - 0.81649658

1 INTERNAL (STATE OR STATE RELATED)
none

INTERNAL (NOT STATE RELATED)
none

CONSTANT k2o3 - 0.66666667

MACRO park (fq,fd , fa,fb,fc,theta)

I Begin Derivative Section

fd - k2o3*(fa*cos(theta)+fb*cos(theta-k2pio3)+ &
fc*cos(theta + k2pio3))

fq - -k2o3*(fa*sin(theta)+fb*sin(theta-k2pio3)+ &
fc*sin(theta + k2pio3))

I End of Derivative Section

MACRO END I of park
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A.19 Ship Dynamics

SHIP DYNAMICS MODEL

Copyright 1993 by Timothy J. McCoy

The macros used herein were written by
C.L. Patterson, NSwC, Annapolis, MD

Record of changes

No. Date By summary

1 0 3-29-93 tjm Model written.

macros ship
I function: Models the hydrodynamic propeller load placed on

a propulsion motor

INPUTS
wrnl - Starboard propeller shaft speed [per unit]
wrn2 - Port propeller shaft speed [per unit]

OUTPUTS
I tmi - mechanical torque load on starboard motor [per unit]

tmil - mechanical torque load on port motor [per unit)

CONSTANTS
kbaserpm - base propeller shaft rpm
kqbase - base shaft torque [LB-FT]
jjps - propeller/shaft inertia in [LB/FT-2]

INTERNAL
------------------ Inputs to 'shipla.mac'

nplrpm - propeller shaft speed [RPM]
np2rpm - propeller shaft speed [RPM]
wesea - seaway velocity factor [per unitl

lheadr - logical ( = .T. to begin headreach calc)

-------------------Inputs to Iseaway.mac'
vslpu - ship velocity normalized [per unit]

-------------------Outputs from shipla.mac,
jjps total prop/shaft inertia [LB-FT-2]

I nplrpmi initial shaft speed [RPM]
I qpli initial shaft torque (LB-FT]

qpl shaft torque [LB-PT]
I qplfi initial shaft frictional loss torque [LB-FT]
I qplf shaft frictional loss torque (LB-FT]
I np2rpai initial shaft speed (RP. I
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qp2i - initial shaft torque [LB-FT]
qp2 - shaft torque [LB-FT]

qp2fi - initial shaft frictional loss torque [LB-FT]
qp2f - shaft frictional loss torque [LB-FT]

vslpu - per unit ship speed
I lcalchr - logical ( - .T. to permit headreach calc)
I lvshipO - logical ( SCHEDULE flag - .T. when vs=0.0)
I headrpu - headreach on vsl per unit base
I tOvuhip - time at which headreach talc starts
I tvshipO - time reqed to stop ship from start of headr
I xvshipO headreach distance on vsl per unit base

qpsbaf - propeller shaft breakaway friction [LB-FT]
nprpmb - propeller shaft speed base (RPM]
qpbase - propeller shaft torque base [LB-FT]

-- Outputs from seaway.mace
wesea - seaway velocity factor [per unit)
lsea - logical flag set .TRUE. to invoke seaway

Idoppler - logical flag set .TRUS. to invoke an
effective doppler seaway frequency

MACROS

INCLUDE 'c: \acsl\ship\macros\shipla.mac'
INCLUDE 'c: \acsl\ship\uacros\seawayl .mac'
INCLUDE c: \acsl\ship\macros\constant.inc'

MACRO ship (tml,tm2 , wrnl,wrn2,kbaserpm)

I Begin Derivative Section

I---convert shaft speed to rpm
nplrpm - wrnl'kbasorpm
np2rpm = wrn2*kbaserpm

I---convert shaft torque to per unit for output
tal - -qpl/qpbase
tm2 - -qp2/qpbase

I---Invoke ship dynamics macro
shipla(1,nplrp.,np2rpm,wesea , lheadr,jjps,nplrpli,qpli,qpl,qplfi, &

qplf,np2rmpi,qp2i,qp2,qp2fi,qp2f,vslpu,lcalchr lvshipO, &
headrpu, tOvship, tvshipO, xvshipO, qpsbaf, nprpub,qpbase)

I---Invoke seaway macro
seaway( 1, lsea, ldoplr,vslpu,wesea)

t mnd of Derivative Section

MACRO END I of ship
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- ACSL MODE. CONSTANTS

I file name: constants .mod

I created: 13-JAN-86 CLP (VAX ACSLCOS.NOD)

revision: 26-feb-91 clp modified for SUN,
mod pi, add tvopi

19-apr-91 clp add elec pwr eye
parameters: forfve,
ninety, twopio3,
omega60b

18-oct-91 clp add inertia constant
factors khhl and khh2

I >>>>> ESTABLISH GENERAL CONSTANTS <<<<

I -------- ---- Miscellaneous Model Constants----------------------

PARAMETER (pi - 3.1415926536) 1 [non-dimensional]
PARAMETER (twopi - 6.28318530718) 1 [non-dimensional]
PARAMETER (sqrt2 - 1.41421) 1 [non-dimensional]
PARAMETER (sqrt3 - 1.73205) 1 [non-dimensional]

PARAMETER (rho - 1.9905) 1 [(lb-sec-2)/ft-4]
PARAMETER (gcons - 32.174) 1 [ft/sec-2]

PARAMETER (ftlbhp - 550.) 1 [ft-lb/sec)/hp]
PARAMETER (watthp - 745.7) I [watts/hp]
PARAMETER (kwathp - .7457) 1 [kilowatts/hp]

I ------------- RPM - RAD/SZC * [ 60. / (2. * PI) ---------------

PARAMETER (rpmrad - 9.549296) 1 [rpm/(rad/sec)]

I•--------------FT/SEC - KNOTS * [ 6076.1 / 3600. .--------------

PARAMETER (fpskt - 1.687806) 1 [(ft/sec)/knot]

-------------- Inertia constant factors for use in calculating IH
given the inertia in JJ (WR^2 [lbm-ft^2]) form, the
shaft speed in N [rpm], and either KVA or Q [lbf-ft].

------- for the form: Ha - khhl ( JJ* '2 / KVA)

khhl a (1/2)*[(1/2.204)*(1/3.2808)'2]*(2*pi/60)'2

PARAMETER (khhl a 2.3094e-7)
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--- for the form: Ha - khh2 *(JJ * N / Q)
£

khh2 - khhl * (kwathp / ftlbhp)

PARAMETER (khh2 = 2.99165e-3)

-------- ---- useful constants and parameters for----------------
electrical power systems simulations
involving solid state, 6-pulse rectifier

I cicuits. Based on data provided by
I Purdue for the Pulse Power charger model.
3 (added by =---> clp 19,25-apr-91)

PARAMETER (eps - 1.0e-6) i a small number

PARAMETER (omega60b - 377.0) I [ base radian freq for 60 Hz ]

PARAMETER (forfve - 0.78539816) j [ (pi/4) equiv 45 deg ]
PARAMETER (ninety - 1.57079633) 1 [ (pi/2) equiv 90 deg J
PARAMETER (twopio3 - 2.0943951) 1 [ (2-pi/3) equiv 120 deg J

PARAMETER (cfac6P - 1.10265779) 1 current factor -- (2*sqrt(3))/pi
PARAMETER (vfac6P - 1.6539867) 1 voltage factor -- (3*sqrt(3))/pi
PARAMETER (zfac6P - 0.9549297) 1 impedance factor -- 3/pi

I -------- ----Model function lookup flags-----------------------

INTEGER FargO, Fargl, Farg2, Farg3
INTEGER FargsO, Fargsl, Fargs2, Fargs3

CONSTANT FargO - 0 1 FORWARD lookup
CONSTANT Fargl - I i BACKWARD lookup
CONSTANT Farg2 - 2 1 1,2, or 3 flags the
CONSTANT Farg3 - 3 1 dependent argument
CONSTANT FargsO - 0
CONSTANT Fargsl - I
CONSTANT Fargs2 - 2
CONSTANT Fargs3 - 3

1 >>>>> END of ESTABLISH GENERAL CONSTANTS <<<

i >>>>>> Begin Source/Load Interface Dynamics Model MACRO <<<<

I file names mpidlf.mac clp 7-oct-91

I This program models the mechanical dynamics interface
I between a prime mover (such as a gas turbine or motor) and its
I load (such as a generator or propeller) as a simple reduction
I gear. The model includes a reduction gear and all variables
I are referred to the output (load) shaft. It does not include
I shaft torsional dynamics. one SIGIFICANT VARTATXON is that
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I it computes drive shaft acceleration as d(RPM)/dt rather than
d(RAD/SEC)/dt. A gear torque loss term is included in the
model. The gear loss coefficient, pctid, has been set to a
nominal value of 0.005 which can be changed at run time.

I
I The model is a modification of tgidl.mac which was developed
I for all variables referred to the load shaft. The differences
I are that this model also accepts load shaft friction as an

input and the gear ratio is given as a constant rather than
I being calculated. Since propeller shaft friction can be

significant at low shaft speed, the model checks to see if
I shaft sticking occurs.
I
I This model is a modified version of that developed by PDI as
I the subroutine SRAFT.FOR in a MACRO form which employs the ACSL
I SCHEDULE function to determine shaft sticking. NOTE: The sign
I of the friction torque is determined within the shaft friction
I function (QlApsf.for for shipla).
I
I As in the case of tgid2.mac, the inertia inputs must be
I specified in the WR^2 (LBm-FT^2) form. For this model a
I gearbox inertia term is included.
I
I Needs following parameters:

rpmrad, gcons, khh2

I from: /home/ra4/patterson/acsl/constants.mod

I MODELING CONVENTIONS:

1 (1) Use CAPS for ACSL statements, ACSL variables, etc.
I
1 (2) Use lower case for all model variables.

1 (3) Begin Table names, Function names and related control
variables with a capital letter.

I CHANGE RECORD:

I Version Date Engr Description
I---------------------------------------------------------------

0 07oct91 clp Model developed and installed.

1 21-oct91 clp Make gear ratio a constant rather than
the calculation of ( nsrcb / nloadb ]

£ 2 02jun92 jgc pctid&z& and qlid&z& changed to pctids&2&
and qlids&z& so as to not conflict with
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same variables in turbine model

3 08jun92 jgc the constant cqlid&z& is changed to cqlids&z&
so as to not conflict with turbine constant;
also this constant is computed in INITIAL

I--------------------------------------------------------------------------

MACRO mpidlf(z,qsrc,jjsrc,nsrcb,qsrcb,qloadiqload,qloadb,jjload, &
nloadb,nloadi,qloadfi,qlsfgr,lstukzgr,qloadsbf,dnsrc, &
nsrc,nurci,qsrci,dnload,nload,delqzgr,ngrlzpu)

inputs: z - concatenation variable (1, 2, gl, etc)
qsrc - input (source) shaft drive torque (LB-FT]

jjsrc = input shaft inertia [LB-FTr2]
nsrcb - input shaft base speed [RPM]
qsrcb - input shaft base torque [LB-FT]

qloadi - output (load) shaft initial torque [LB-FT]
qload - output (load) shaft torque [LB-FT]

qloadb - output (load) shaft torque base [LB-FT]
jJload - output shaft inertia [LB-FT-2]
nloadb - output shaft base speed [RPM]
nloadi - output shaft initial speed [RPM]

qloadfi - load shaft initial friction torque [LB-FT]
qlsfgr - load shaft friction torque [LB-FT]

lstukzgr - logical (- .T. if shaft stuck)
qloadsbf - load shaft breakaway force [LB-FT]

outputs: dnsrc - input shaft base accel [RPM/SEC]
nsrc - input shaft base speed [RPM]

nsrci - input shaft initial speed [RPM]
qsrci - input shaft initial torque [LB-FT]

dnload - output (load) shaft accel [RPM/SEC]
nload - output (load) shaft speed [RPM]

delqzgr - load shaft accel torque difference [LB-FT]
ngrlzpu - load shaft speed [per unit]

CONSTANT pctids&z& - 0.005 1 -- percent loss torque factor
CONSTANT jjmpid&z& - 665600 1 -- gearbox WR^2 [LBM-FT^2] referred
I to load shaft (20700 LBF-FT-S-2)
CONSTANT mpid&z&gr - 6.0 1 -- gear ratio (nsrc / nload) based

on data provided by Code 27B (HNR)
.+++++++ Begin INITIAL Section +..+.+++++++++++++++++++++++++++++++

INITIAL
S-----------------Calculate total inertia referred to load shaft

jjmpid&z&t - jjsrc * mpid&z&gr**2 + jjmpidaz& + jJload
hhmpid&z&t - khh2*jjmpid&z&t*(nsrcb/mpid&z&gr)/(qsrcb*mpid&z&gr)
iimpid&z& - jjmpid&z&t / gcons

"This is a test, this constant must be defined"
cqlids&z& - (pctids&z& * qsrcb) / (nsrcb*nsrcb)

- Calc initial source shaft speed and torque
PROCEDURAL (nsrci,qsrci - nloadi,mpid&z&gr,pctids&z&,qsrcb,nsrcb, &

qloadi,qloadfi)
IF (ABS(nloadi) .LT. 0.1) THEN I --- Assume shaft is at rest

norci - 0.0
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qsrci - 0. 0
ELSE

nurci - nicadi * mpid&z&gr

-------------- Caic torque loss constant and initial torque loss
on source shaft side

cqlids&za - (pctids&z& *qsrcb) / (nsrcb*nsrcb)
qlids&z&i - cqlids&z& *nsrci * ABS(nurci)
I -----------------Caic initial source shaft torque
qurci - qlids&z&i + (qloadi+qloadfi) / napid&z&gr

ENDIF
END I --- of PROCEDURAL
EN;D I ............ of INITIAL

++...... Begin DERIVATIVE section ..........++....................+.+

I----------------- Calc LOAD shaft speed (accel) in units of
I RPM (RPM/SEC)

qlids&z& - cqlids&z& * nsrc * ABS(nsrc) I source shaft loss torque
delqzgr = (qsrc-qlids&z&)*mpid&z&gr - qload
qs&z&fgr - RSW (lstukzgr,-.delqzgr, qlsfgr)
dnload -(rpmrad / iimpid&zs) * (delqzgr + qs&z&fgr)
nload -INTEG (dnload, nloadi)
ngrlzpu - nload / nloadb I--- per unit gearbox shaft speed

----- ---- check gearbox load shaft condition for shaft
stuck condition

chkgr&z&ls - RSW (lstukzgr, ARS(delqzgr) - qloadsbf, nload)
SCHEDULE shaft~z& .XZ. chkgr&zals
------------------- Calc SOURCE shaft speed (accel) in units

1 RPM (RPM/SEC)
dnsrc -dnload * inpid&z&gr
nsrc -nload * mpid&z&gr
MACRO END

MACRO shaftstk (2 ,qloadbf,nloadi,delqzgr,qloadf,qlsfgr, lstukzgr, nload)
I inputs: z - concatenation variable (1, 2, g1, etc)

qloadbf - load shaft breakaway friction torque [LB-FT]
Inloadi - output shaft initial speed [RPM]

delqzgr =
qloadf - load shaft rotating friction torque [LB-FT]

I outputs: qlsfgr = load shaft friction torque [LB-FT]
Ilstukzgr - logical (ai .T. if shaft stuck)

DISCRETE shaft~zi
------------------- Handle shaft sticking friction

INITIAL
LOGICAL lstukzgr
lstukzgr - ABS(nloadi) .LT. 0.1

END
I----------- stuck flag toggles unless force exceeds breakout
I force on crossing zero,
lstukzgr - (.NOT. lstukzgr) .AND. (ABS(delqzgr) .LT. qloadbf)

--- ---Determine shaft friction for stuck or rotating
I condition (sign of qloadf pro-determined in table)
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qlsfgr - RSW (lstukzgr, 0.0, qloadf)
I ----------- Reset shaft speed exactly to zero
nload - 0.0
I ----------- Record status
CALL LOGD (.TRUE.)

END I of DISCR•ET stick&z&gr
MACRO END I of shaftstk
t >>>>>>>> End Source/Load Interface Dynamics Model MACRO <<<<<<<<<

>>>>>> Begin Seaway Dynamics Model MACRO <<<<<<

file name: seawayl.mac clp 11-sep-91
I
I This program models seaway hydrodynamic characteristics

for a ship hull moving through the water in one degree of
freedom. It assumes that ship speed is normalized and that
nominal values for the seaway conditions are those given in

I the original GE RYP spec. This model has the capability
I to simulate a variation in the frequency of wave encounter
I based on the relative speed between the ship and the seaway.
I
I This approach is patterned after method given in the original

I G RmP spec -- on page 20, wherein:

I Ve - Vm * (1 - We * sin(2*pi't/T)).

I This program calculates the value of:

wesoa - We * sin(2*pi*t/T)

I and outputs wessa to the ship velocity equation in the model
I shiplA.mac.
I
I The following numerical data is given in [3], based on
I Vm (mean ship speed):

I T (period, sec) 6 10 15

We (moderate seas) 0.10 0.12 0.13

We (heavy seas) 0.40 0.47 0.50

I To permit investigation of doppler frequency effects,
I assume the following values for lambda (wavelength):

wavelength 4 12 25

1 For an initial case, assume T- 6, We- 0.10, and L= 4

S oNeeds following parameters:

twopi
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I from: /home/ra41patterson/acsllconstants mod
I

I MODELING COUVZNTIONS:

t (1) Use CAPS for ACSL statements, ACSL variables, etc.
I
1 (2) Use lower case for all model variables.
I
1 (3) Begin Table names, Function names and related control
I variables with a capital letter.

I CHANGE RECORD:

I Version Date Engr Description
---------------- ------- ---- -----------------------------------------

0 xxxz91 clp Model developed and installed.

1 20Aug92 ow moved lsea and ldoppler to output list.

MACRO seaway(z,lsea, ldoplr,vshippu,wesea)

I inputs: z - concatenation variable (1, 2, gl, etc)
vshippu - ship velocity normalized (per unit)

!

I outputs: wesea - seaway velocity factor (per unit]
I losa - logical flag set .TRUE. to invoke seaway
I ldoppler - logical flag set .TRUE. to invoke an

effective doppler seaway frequency

- - define basic constants for ship seaway dynamics

LOGICAL lsea, ldoplr

CONSTANT lsea - .FALSE., ldoplr - .FALSe.
CONSTANT tsoa - 6.0, woesax - 0.10, wave - 4.0

I +++++++ Begin INITIAL Section ++++++++++++++++++++++++++.+++++++++

INITIAL

- calculate seaway encounter frequency tRAD/SEC]
based on tsea (constant frequency) and a

I constant for computing doppler frequency

wefsea - twopi tees
kdfrq - twopi / wave
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END I +.++++.+++++ of INITIAL

i +++++++ Begin DERIVATIVE Section +++++++++++++++++++++++++++++++.+++.

----------------- calculate seaway velocity magnitude. The REALPL
function has been included to smooth the
initial seaway encounter.

I NOTE: This code has been placed within a PROCEDURAL
to circumvent an ACSL implicit loop flag.

t That is, when combined with "shiplA.mac",
the following expression occurs:

vslpu - INTEG() * (I - wesea),

where, wesea - f(vslpu,t)

To achieve the desired result, the variable
"vshippu" has been left out of the argument
list.

PROCEDURAL (wesea - lsea,ldoplr,wesmax)
IF (.NOT. lsea) t0sea = 0.0
IF (lsea .AND. (t0sea .EQ. 0.0)) t0sea - t
weseamg - REALPL(tsea/5.0, RSW(lsea, wesmax, 0.0), 0.0)
seafrq - RSW(ldoplr, kdfrq * ABS(vshippu + weseamg + 0.001), wefsea)
seatime - RSW( lsea, (t - t0sea), 0.0)
wesea - weseamg * SIN( seafrq*(seatime))

END I -- of PROCEDURAL

MACRO END

I >>>>>>>> End source/Load Interface Dynamics Model MACRO <c<<<<<<<

>>>>>> Begin Propeller/Ship Dynamics Model MACRO <<<<<<
IiiiiiiIinInmiIiiinIIniiiIniiiniiIiiiiiiniiiiiniiIiiiiiniiiniI

I file name: shiplA.mac clp 23-aug-91
I

This program models the propeller and hydrodynamic
I characteristics for a ship hull moving through the water
I in one degree of freedom. The simulated ship is that
I represented by shipl data. The hull resistance, the
I propeller torque, and the propeller thrust characteristics
I have been normalized. The characteristics (torque and thrust)
I have been represented as functions of two variables (per unit
I ship speed and per unit propeller shaft speed). The ship hull
I resistance function has been characterized using a 10th order
I polynomial to fit the available data for the full AHEAD/ASTERN
I maneuvering range. This model also includes the friction torque
I function for the propeller shafts associated with the ship hull.
I
I The model assumes an initial ship speed (per unit) which can
I be selected at run time. Using this ship speed and the ship
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resistance data table, a per unit shaft speed is calculated
I and converted to shaft RPM to be output along with the base
I RPM value. It is assumed that the two propeller shafts are
I operating at the same initial shaft speed.

To calculate headreach, set the logical flag lheadr - .TRUE.
I A mode-controlled integrator is used to calculate headreach
I in terms of per unit ship speed. The ACSL SCHEDULE statement

is used to determine when the ship speed reaches zero.

I Propeller shaft speed inputs are in RPM and the model is set
I up to respond to a seaway input (wesea). If a seaway is not
I to be used, set wesea - 0.0. The function lookup table (QlApsf)
I is used to calculate and output propeller shaft frictional
I torque (LB-FT) as a function of shaft RPM.

I This model requires the following files which contain
I function data:
I

/models/hydro/TQlAlib.a
/models/lookup/lookuplib.a

I Needs following parameters:

rpmrad, gcons, khh2

I from: /home/ra4/patterson/acsl/constants .mod

----------------------------------------------------------------

I MODELING CONVENTIONS:

1 (1) Use CAPS for ACSL statements, ACSL variables, etc.
I
1 (2) Use lower case for all model variables.

1 (3) Begin Table names, Function names and related control
I variables with a capital letter.

----------------------------------------------------------------

I CHANGE RECORD:

I Version Date Engr Description

0 7oct91 clp Model developed and installed.

I 18oct91 clp Added hhps inertia calculation

£ 2

MACRO shipla(z,nplrpm,np2rpm,wesea,lheadr,jjps,nplrpmi,qpli, &
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qpl,qplfi,qplf,np2rpeli,qp2iqp2,qp2fi,qp2f,vulpu, &
lcalchr, lvshipO,hoadrpu,tOvship,tvshipO,xvshipO, a
qpsbaf,nprpmb,qpbase)

I inputs: z - concatenation variable (1, 2, g1, etc)
I nplrpm - propeller shaft speed [RPM]

np2rpm - propeller shaft speed [RPM]
wesoa - seaway velocity factor [per unit]

lheadr - logical ( - .T. to begin headreach cale)

I outputs: jjps - total prop/shaft inertia (LB-FT^2]
nplrpmi - initial shaft speed [RPM]

qpli - initial shaft torque (LB-FT]
qpl - shaft torque [LB-FT]

qplfi - initial shaft frictional loss torque [LB-FT]
qplf - shaft frictional loss torque [LB-PT]

np2rpmi - initial shaft speed [RPM]
qp2i - initial shaft torque [LB-FT]

qp2 - shaft torque [LB-FT]
qp2fi - initial shaft frictional loss torque [LB-FT]
qp2f - shaft frictional loss torque [LB-PT]

vslpu - per unit ship speed
lcalchr - logical ( - .T. to permit headreach calc)
lvshipO - logical ( SCHEDULE flag - .T. when vs-0.0)
headrpu - headroach on vsl per unit base
tOvship - time at which hoadreach calc starts
tvshipO - time req'd to stop ship frou start of headr
xvshipO - headreach distance on vsl per unit base
qpsbaf - propeller shaft breakaway friction [ILB-FT]
nprpmb - propeller shaft speed base [RPM]
qpbase - propeller shaft torque base [LB-FT]

----------------- define logical variables

LOGICAL lheadr
I --- LOGICAL lcalchr
I --- lvshipO handled by SCHEDULE

CONSTANT lheadr - .FALSE.

I------------------define basic propeller constants

CONSTANT qpbase - 1239071.4
CONSTANT nprpmb - 144.7185
CONSTANT nprpsb - 2.4120 1---shaft RPS base
CONSTANT jJprop - 1313000 1---inertia w/ 25 pct H20 [LB-FT-2]
CONSTANT jjshft - 166000 1---shaft inertia [LB-FT^2]

- -- define reference values for time and distance to
stop ship. Based on cutting motor torque to a
value of 0.0 per unit at a rate of -1.0 pu/sec.
The coastdown from vslpu - 1.0 per unit ship
speed until 0.1 pu propeller shaft speed is
reached. Then apply -0.5 pu motor torque at a
rate of -1.0 pu/sec.
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CONSTANT tvs0ref - 696.262 , xvsOref - 207.220

- -- define basic constants for ship hull dynamics

CONSTANT kl0reu - -15.1636679
CONSTANT k09res - 20.3594595
CONSTANT k0Ores - 15.9458303
CONSTANT k7res -23.5962574
CONSTANT k06res - - 5.1990814
CONSTANT k0Sres - 0.6572075
CONSTANT k04res - - 0.2317509
CONSTANT k03res - 0.9698059
CONSTANT k02res - - 0.0573738
CONSTANT k01res - 0.2023390
CONSTANT kOOres - 0.0000000
CONSTANT kvship - 0.0075497
t --- per unit conversion factor

I .++++++ Begin INITIAL Section +++++++4+++++++++++++++++++++++++

INITIAL
I ....- calculate combined propeller/shaft inertia

jjps - jjprop + jjshft I --- WR-2 form

hhpa - khh2 * (jjps * nprpmb / qpbase)

I ---------------- calculate shaft breakaway friction [LB-FT]

qpsbaf - QlApsf(0.0)

-....... set initial ship speed (per unit)

CONSTANT vslpui - 0.0
CONSTANT vslpu0 - 0.00001 1 use when calculating T/Q for Vs--0.0

- calculate initial ship resistance (per unit)

velpu2i vslpui * vslpui
vslpu3i - vslpu2i * vslpui
vslpu4i - vslpu3i * vslpui
vslpuSi - vslpu4i * vslpui
vslpu6i - vslpu5i * vslpui
vslpu7i - vxlpu6i * vslpui
vslpu8i - vslpu7i * vslpui
vslpu9i - vslpusi * vslpui
vslpuloi - vslpu9i * vslpui

rslpuiO - klOres * vslpul0i + k09res * vslpu9i + k0Ores * vslpu8i
rslpuil - kO7ros * vslpuli + kO6ros * vslpu6i + kOSres * vslpuSi
rslpui2 - kO4res * vslpu41 + k03res * vslpu3i + kO2res * vslpu2i
rslpui3 - kO0res * vslpui + kOOres
rslpui - rslpui0 + rslpuil + rslpui2 + rslpui3

-----------------calculate initial propeller thrust (per unit)
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tplpui - rslpui / 2.0
tp2pui - tplpui

---------------- calculate initial prop rpm, torque and shaft
I loss torque for each propeller

PROCEDURAL (nplrpmi, nplpui, qpli, qplpui - vslpui, tplpui)

IF (vslpui .LT. 0.0) THEN i --- use functions for reverse Vs
nplpui - Tlkvsr(0.0, vslpui, tplpui, Fargal)
nplrp.i - nplpui * nprpmb
qplpui - QlAvsr(nplpui, vslpui, 0.0 , Fargs0)
qpli - qplpui * qpbase

ELSEIF (vslpui .EQ. 0.0000) THEN I---use functions for forward Vs
nplpui - T1Avsf(0.0, vslpu0, tplpui, Fargal)
nplrpmi - nplpui * nprpmb
qplpui - QlAvsf(nplpui, vslpu0, 0.0 , FargsO)
qpli - qplpui * qpbase

ELSE I --- use functions for forward Vs
nplpui - TlAvsf(0.0, vslpui, tplpui, Fargs!)
nplrpmi - nplpui * nprpmb
qplpui - QlAvsf(nplpui, vslpui, 0.0 , Fargs0)
qpli - qplpui * qpbase

ENDIF

END I --- of PROCEDURAL

np2pui - nplpui
np2rpmi - nplrpmi
qp2pui - qplpui
qp2i qpli

qplfi = QlApsf(nplrpni) I shaft frictional loss torque
qp2fi - QlApsf(np2rpmi)

END I ++++++++++++ of INITIAL

.+++++++ Begin DERIVATIVE Section +÷++++++++++++++++++++++++++++++++

- - calculate thrust and torque for both propellers

nplpu - nplrpm / nprpmb
np2pu - np2rpm / nprpmb

IF (vslpu .LT. 0.0) THEN I --- use functions for reverse vs
I ---- prop shaft 1

tplpu - TlAvsr(nplpu, vslpu, 1.0, Fargs0)
qplpu - QlAvsr(nplpu, vslpu, 1.0, FargsO)

I ---- prop shaft 2
tp2pu - TlAvsr(np2pu, vslpu, 1.0, FargsO)
qp2pu - QlAvsr(np2pu, vslpu, 1.0, FargsO)

ELSEZIF (vslpu .EQ. 0.0000) TBEN I --- use functions for forward Vs
I ---- prop shaft 1

tplpu - TlAvsf(nplpu, vslpu0, 1.0, Fargs0)
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qplpu - Q1Avsf(nplpu, vslpuO, 1.0, Fargso)
I --prop shaft 2

tp2pu - TlAvsf(np2pu, vslpuO, 1.0, FargsO)
qp2pu - QlAvsf(np2pu, vulpuO, 1.0, rargso)

ELSE I -- use functions for forward Vs
I --- prop shaft 1

tplpu - T1Avsf(nplpu, Vxlpu, 1.0, FargsO)
qplpu - QlAvef(nplpu, vslpu, 1.0, FargsO)

I --prop shaft 2
tp2pu - Tlkvgf(np2pu, vslpu, 1.0, PargsO)
qp2pu - Qlkvsf(np2pu, vslpu, 1.0, largmO)

EmDir

qpl - qplpu * qpbase
qp2 - qp2pu * qpbas.
qplf - QlhpsfQnplrpm) I -- shaft frictional torque loss
qp2f - QlApsf(np2rpm)
I----------------- calculate ship resistance

vslpu2 = vslpu * vslpu
vxlpu3 - vmlpu2 * vxlpu
vslpu4 - vslpu3 * velpu
vslpu5 - vslpu4 * vslpu
vxlpu6 - valpus * v2lpu
vslpu7 - vslpu6 * vslpu
vslpu8 - vslpu7 * vslpu
vslpu9 - valpus * vulpu
vslpulo - vmlpu9 * valpu

rmlpu0 - ki~res * vslpulO + k09res * vslpu9 + k0fires *vslpuS
rslpul - k07res * vslpu7 + kOfires * vslpu6 + kO5res * vslpu5
rslpu2 - k04res * vslpu4 + k03res * vslpu3 + k02res * vslpu2
rmlpu3 - kOires * vslpu + kOOres
rslpu - rslpuO + rslpul + rslpu2 + rslpu3

*-----------------calculate ship speed (per unit) with seaway
I effects included

vslpu - INTZG( kvship * (tplpu + tp2pu - rslpu), vslpui ) &
* ( 1 - wesea)

----- ---- calculate headreach to the point at which
ship speed goes to zero.

--- The following PflOCZDURAL insures that lheadr .AND.
I lcalchr are .NOT. simultaneously .FALSX. mince that
I condition would cause unwanted calculation of headrpu.
I it also updates t~vship until lheadr-.TRUS. to set

I the start time for the headreach calculation.

I --- IXOcZDUN1.L (lcalchr, tovmhip - lheadr)
I --- 17 (.NOT. lheadr) TEEN
I --- lcalchr - .TRUR.
I --- lvshipO - FMAXS.
I --- tOvship - T
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I --- XUDzv
I --- ZND I of PROCEDURAL

icalchr lhoadr mode operation
-- - - - - - - - - - -- - - - - - - - - - -- -

true false ic set headreach - 0.0
false false op

Itrue true op calculate headreach
Ifalse true hold hold headreach value

I --- headrpu - NODINT ( vs lpu, 0.*0, lcalchr, lheadr ) I --- scaled headreach

I --- SCUZDULE stopvs/lvshipO .xz. vslpu I -- check for vslpu ->
0.0

I----- ---- Calculate the percent time/distance to stop ship
I with respect to the reference values.

I --- tvsOpct - (tvshipO / tvn~ref) * 100
I ---xzvs0pct - (xvship0 / xvsOref) * 100

I -----------------calculate the percent values f or prop shaft
I speed/torque,ship speed, headreach cvrt zvs~ref)
I and time for plotting purposes

I --- pctnpl - nplpu * 100
I --- pctqpl - qplpu * 100
I --- pctup2 - np2pu * 100
I --- pctqp2 - qp2pu * 100
I --- pctvsl - vslpU * 100
I --- pcthdr - (headrpu / xvs0ref) * 100
I --- pcttim - (t / tvsoref) * 100

I ----------------- Terminate the simulation run when shaft speed or
I ship speed exceeds MAX/Rig values for data

I in function lookup tables.

TMWN (velpu .GT. 1.1, a
I Run Terminated sm hip speed exceeded mAx value)

TWWN (vslpu .LT. -0.7,&
# Run Terminated ->ship speed exceeded KIN value,)

TURNS? (nplpu .0T. 1.16, &
'Run Terminated --> Prop shaft RPM exceeded Qfrict MAX value,)

TERMT (nplpu .LT. -1.0, &
'Ran Terminated -m> Prop shaft speed exceeded T/Q mix value,)

MACRO END

i --- MACRO stopvs (2,lheadr, lcalchr, lvshipO,headrpu, G
--- tovship, tvshipo'Xvshipo)

2--- DISCRETE stopvs

I--- ir (lheadr .AND. lcalchr .AND. lvshipO)TNI
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I--- lcalchr - .VALSZ.
!--- tvshipO - T - t0vahipp
1--- xvshipO - headrpu
I--- CALL LOGD(.TRU..)
I --- ENDIF

I--- ZUD I of DISCRETE stopship

I --- MACRO END

I >>>>>>>> End Propeller/Ship Dynamics Nodal MACROs <<<<<<
I 

-

A.20 Motor Controller

Motor controller

Copyright 1993 by Timothy J. McCoy

I Record of changes
I
I No. Date By Summary
I----------------------------------------------------------------
1 0 3-22-93 tim Model written.
1 1 4-13-93 tim Added control of firing angle.

I macro: contmtr.mac

I functions controlls motor excitation and inverter firing angle
I CONCATENATIO0
I z - motor identifier

INPUTS
id - D-axis stator current [per unit]

I iq - Q-azis stator current (per unit]
I vd - D-axis stator voltage [per unit]
I vq - Q-axis stator voltage [per unit]

xdmxq - difference between D and Q-axis synchronous reactances
I xq - Q-axis synchronous reactance [per unit]

OUTPUTS
I oaf - motor excitation [per unit]
I betai - inverter firing angle [rad]

CONSTAhTS
I eiu&z& m desired stator flux linkage [per unit]
I eaffmin a minimm excitation voltage [per unit]
I eafimax a maximum excitation voltage [per unit]

eafaic - excitation voltage initial condition (per unit]
geaf&a - field excitation controller gain
taueaf&z - field excitation controller time constant

I betaLmin a minimum inverter firing angle [rad]
I beta&max a maxium inverter firing angle (rad]
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I betaaic - inverter firing angle initial condition [rad]
I gbeta&z - inverter firing angle controller gain

taubeta&z - inverter firing angle controller time constant
I phis&z& - desired power factor angle [rad]

1 ------ m ----- (must be defined in the calling program)-
Defined in tconstant.inc°

I k2rt3opi - 2*sqrt(3)/pi
I kpi - pi - 3.141592654

INTERNAL
I vt&z& - motor terminal voltage (per unit]

ia&z& - motor terminal current [per unit]
I del&z& - motor torque angle (rad]
I phi&z& - motor power factor angle [rad]
I iajxq&z& - round rotor component of synchronous reactance
I voltage drop
I ids&z& - D-axis component of stator current calculated from

desired link current
idx&z& - saleint component of synchronous reactance

voltage drop
ep&z& - desired field excitation from round rotor phasor

I diagram
I eafs&z& - desired field excitation, including saliency
I eaferr&z& - error in field excitation
I eafd&z& - time derivative of field excitation
I betas&z& - desired inverter firing angle
I betaerr&z&- error in inverter firing angle
I beta&z&d - time derivative of inverter firing angle
I

MACRO contmtr (eaf,betai , &
id, iq,vd,vq,edpp,eqpp,xdpp,xdmxq,xq,lbrake,z)

I Begin Derivative Section

1 --- parameters
CONSTANT Ois&z& 1.0
CONSTANT eaftain - 0.0
CONSTANT eafrmax - 4.0
CONSTANT geaf&z& - 100.0
CONSTANT taueaf&z& = 0.1
CONSTANT oaf&ic - 1.0
CONSTANT betamin&z& = kpio2
I---CONSTANT betamax&z& - 3.14
! --- CONSTANT beta&z&ic = 3.13
I---CONSTANT gbeta&z& - 1.0
I --- CONSTANT taubeta&z& - 0.1
CONSTANT beta&z& - 2.2
CONSTANT phis&z- 0.2

1---calculation of desired excitation
I---(solution of phasor diagram)
RTP( vt&s&,del&z& - vq,vd)
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RTP( ia&z&,phipaz& - iq~id)
iajxqaz - ia~s&'zq
idz&x& - A5S(id'xdmq)
epiza - SQR'?(eiu&3&**2 + iajzq&z&**2 + &

2.0o'is&z&*iajzq&z&'sIN(kpio2 + phis&z&))
eafsusz ep&za + idia:

I --- field flux error signal
oaferri:- eafs&z& - oaf

I ---P-1 type controller on field excitation
oaf ad - (geaf&z&*(eaferr&z&))Itau~af&x
oaf w 3OUND(.af&mRin,af&uaX,LIXMIT(eafld,eaf&ic,eaf&ain,eaf&NaZ))

I --- calculation of desired inverter firing angle
I --- betasas - kpi - AN8(delaz&) - phis&x

I --- error in inverter firing angle
i --- betaerraum betam &zI - betai

3 --- P-1 type controller on inverter firing angle
I --- beta&z&d - (gbeta&x*(betaezr&z&))Itaubetalz
i --- beta&z& = 3ouND(betafin&z,betauaz&z ,LXiIINY(betaaz&d, a
I1--- betalz&ic,betamin&z,betamax&u))

IF( lbrake )TEEN
betai - betamini:

ELSE
betai - beta&z

END!?
MACRO END I --- of contmtr

A.21 Speed Controller

MOTOR SP=N COUTROLLEN MODEL

I copyright 1993
I by

I Timothy J. McCoy

I macro: upeedcon
I functions motor speed control, P1- type controller.

£ CONCATINATION
a a frequency changer identifier

I INPUTS
I spdref - reference speed [pe? unit)
I wrn a motor speed [per unit)
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I idcr a dc link reference current (PER UNIT]I
I lfvd M logical variable indicating forward torque

I CONSTANTS
I gspeed&z& - controller Amiplitude
I tauspeedlz& - Controller Time Constant
I idcr&inin - minimum do link current [per unit]
I idcr&max - maxim-m do link current [per unit)I

1 INTERNAL
I idcraic - dc link current ic
I idcrad - dc link current derivative

I speederraza - speed error
I===ini ~ m n ni i i

MACRO upeedcon (idcr, lfvd, lbrake ,spdref,wrn, ida, z)

I --- parameters
CONSTANT idarlic - 0.0
CONSTANT idcr&mnin = 0.0
CONSTANT idorimax = 1.0
CONSTANT idcr&dmax - 5.0
CONSTANT idcr&dmin - -5.0
CONSTANT apderr&z&ic -0.0
CONSTANT dz&z& - 0.05
CONSTANT tbreuhold&z- 0.1
CONSTANT taufautiz&a- 0.1
CONSTANT glarge&z& - 50.0
CONSTANT tauslov&z& - 20.0
CONSTANT gnmallaz& - 5.0

1 --- Speed control
IF (spdref .LT. 0. 0) TEEN

lfvd - .FALsz.
speederraza - -(spdref - win)

ELSE
lfvd - .TRUE.
speederraza - (opdref - yn)

ENDIF

switchvar&z - DCKLS ( spderr&z&ic, dizi&,speederraz&)

17 (AIS(svitchvar&z&).G.T.tbreshold&z&) TEEN
tauspeedas - tautast&z
gspeediza - glarge~z

ELSE
tauspeedaz - tauslovaz
gspeedaza - gsmallaz

ENDIF

IF( (SIGU(1.0,spdref) .UE.SIG(1.0,wrn)) .AUD. (Wrn.GT.0.06) )TEEU
kbrake&z - 0.0
ZF((idc .LT. 0.05).AND.(.NOT.lbrake)) lbrake - true.

ELSE
IF((vrn .LZ. 0.04).MID.(lbrake)) lbrake - false.
kbrake&s - 1.0
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INDIF

idcr&d - DOUWD(idcr&dmin,idcr&dmax, &
(-idcr + gspsedasI*(spnederr&x&))/tauspeedlz)

idcnm&z - 3003W(idcr&ain, idcr&max, &
LIKMUT ( idcr&d, idcr&ic,idcr&min, idcrmax))

idcr a idco€•&i& brake&z

MACRO Z3D 1---of speedcon

A.22 Synchronous Motor
!
!

1 TURIE-PHASZ SYNCHRONOUS MOTOR MODEL
£ written in generator coordinates
!

t copyright 1993 by Timothy J. McCoy
£

I Record of Changes
1

I No. Date By Sumeary

1 0 1-28-93 tjm Model written.
1 1 2-14-93 tjm Removed delta from argument list.
1 2 2-19-93 tjm Revised definitions of vd & vq to correct
I error in derivation.
1 3 2-20-93 tjm Changed currents to generator coordinates.
£ 4 3-27-93 tim Removed calculation of delta
1 5 4-10-93 tjm Revised voltage calculation to account for

speed variation.
£

I macros synntr4
I functions Models a three-phase synchronous motor
£ vith stator resistance and electric
£ transients neglected.
I

COWCATRNATIOW
1 z u synchronous machine identifier
I

ZNPUTS
I wrn - Machine speed [per unit)
I iq a 0-axis stator current in rotor frame (per unit]
I id = D-axis stator current in rotor frame [per unit)
I oaf - Field excitation [per unit]
I tm = Mechanical torque (per unit)

* OUTPUTS
I vq - g-axis stator voltage in rotor reference frame
I vd - D-axis stator voltage in rotor reference frame

I to - Electrical torque [per unit]
I win - Rotor speed (per unit)
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CONSTANTS

-n==-m= • -(usmt be defined in the calling program)

I wo - base electrical speed [rad/sec]
I xq&z - Q-axis synchronous reactance [per unit]
I xd&z - D-axis synchronous reactance [per unit]
Sxqpp&z - Q-axis subtransiont reactance reactance [per unit]
I xdpp&z a D-axis subtransient reactance reactance [per unit]
I xdp&z - D-axis transient reactance [per unit)
I xl&z - Armature leakage reactance [per unit]
I tdop&z - D-axiu transient open circuit time constant [per unit]
I tdopp&z - D-axis subtransient open circuit time constant [per unit]
I tqopp&z - Q-axis uubtransiont open circuit time constant [per unit]
I h&z& - Rotor inertia [sec]

- j*wo/(Tb*p) P - # of poles
===- =====- ===------ (defined in macro mtr4ic) -m m===

alpha&z - (Id - xdpp)/(xdp - xdpp)

I INTERNAL (STATE OR STATE RELATED)
I w Mz& - rotor speed [rad/sec]
I delta - Rotor electrical angle [rad]
I oqpp&z - Q-axis voltage behind subtransiont reactance [per unit]
I edpp&z - D-axis voltage behind subtransiong reactance [per unit]
I eqp&z - Q-axis voltage behind transient reactance [per unit]

INTERNAL (NOT STATE RELATED)

Defined in macro synmtric() located in this file.
I wm&z&ic - rotor mechanical speed ic [rad/sec]
I delta&z&ic= rotor angle ic [rad]
I eqpp&z&ic - eqpp ic [per unit]
I edpp&z&ic - odpp ic [per unit]
I eqp&z&ic - eqp ic [per unit]

I Defined in macro excitntro.
I eaf&ic - field excitation initial condition

------- This model requires a separate exciter for the field winding.

HACRO synmtr4 (tevqtvd,wrn , oaf,iq,id,tm,z)

Begin Derivative Section

I --- Compute Electromagnetic Torque
I---(positive for motor action)

to - (-eqpp&z&*iq - edpp&z&*id + (xdpp&s& - xqpp&z&)*id*iq)

I---Rate of change of rotor speed
wm&z&d - (to + tu)*wo/(2*h&t&)

I --- Rates of change of state variables

eqppaz&d - (e•p&B& - eqpp&u& - (xdp&s& - zdpp&:&)*id)/tdopp&s
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edpp&z&d - (-odpp&z& + (xq&z& - xqpp&z•-)iq)/tqoppaz
eqpaz&d - (-alpha&z&*eqp&z& + &

(alpha&z& - 1.0)*eqpp&z& + eaf)/tdop&z

I --- integrate to obtain flux linkages, speed and rotor angle.
eqpp&z& - INTZG(eqpp&z&d,eqpp&u&ic)
edpp&z& - IXTZG(edpp&z&d,edpp&z&ic)
eqp&z& - xxTEG(eqp&z&d,eqp&z&ic)
vm&z& - INTEG(vm&z&d,m&z&ic)
thm&z& - INTEG(wm&z&,tbm&z&ic)

I--- delta&z - INTZG(vm&z& - vo,delta&z&ic)

I---compute voltages in terms of state variables
vq - wxn*(eqpp&z& - xdpp&z&*id)
vd - wrn*(edpp&z& + xqpp&z&*iq)

I --- Compute per unit speed for output
wrn - wm&z& / wo

I End of Derivative section

MACRO END I of synmtr4

I----------------------------------------------------------------------
I
I THR-PHASE SYNCHRONOUS MOTOR INITIALIZATION MODEL

Copyright 1992 by Timothy J. McCoy

Record of changes
I
I No. Date By Summary

1 0 1-28-92 tim Model written.

I macro: mtr41c
I function: Initializes varous parameters for use vith the

synchronous motor model synmtr4.

CONCATENATION
Z= synchronous machine identifier

MACRO mtr4ic(z)

I---initialize rotor reference angle
I--- CONSTANT deltaizaic - 0.0

CONSTANT thm&a&ic - 0.0

I --- Calculate paramater alpha

alphaiz& a (xdAzi - Xdpp&2&)/(Xdp&Z& - Xdpp&Z&)
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I --- Assume motor initially at rated speed
CONSTANT WmU&zic - 377.0
CONSTANT iq&x&ic - 0.0
CONSTANT idazaic - 0.0
edpp&saic - (zqs&z - zqpp~z&)*iq&x&ic
eqp&z&ic - -(alphal&x - 1.0)*(xdp&z& - xdpp&s&)*id&Z&ic &

+ eafaz&ic
eqpp&z&ic - eqp&z&ic - (xdp&z& - xdpplz&)*id&z&ic

MACRO END I of synmtric

A.23 Synchronous Generator

STERE-PHASE SYNCHRONOUS GZNERATOR MODEL
written in generator coordinates

Copyright 1993 by Timothy J. McCoy

Record of changes

I No. Date By Sumnary
I --- -----------------------------------------------------------
1 0 1-28-93 tim Model written.
1 1 2-14-93 tim Removed delta from argument list.
£ 2 2-19-93 tim Revised definitions of vd & vq to correct
I error in derivation.
1 3 2-20-93 tim Changed currents to generator coordinates.
1 4 3-27-93 tim Removed calculation of delta
1 5 4-9-93 tim Revision ob" removed mechanical equations for
I use with gas turbine model.

I macro: synisrt4b
I function: Models a three-phase synchronous motor

with stator resistance and electric
transients neglected.

I CONCATZNATION
I z - synchronous machine identifier

I INPUTS
I wrn - machine speed [per unit]
I iq - Q-azis stator current in rotor frame [per unit)
I id - D-axis stator current in rotor frame [per unit)
I oaf - Field excitation (per unit)
I

I OUTPUTS
vq - Q-axis stator voltage in rotor reference frame

I vd - D-axis stator voltage in rotor reference frame

I to - Electrical torque [per unit]
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I -r- -r---(must be defined in the calling program) -nr

I wo - base electrical speed (rad/sec]
I q&z - 0-axis synchronous reactance 1per unit]

I xdaz - D-axis synchronous reactance (per unit]
I xqjpp&z - Q-axis subtransient reactionce reactance [per unit]
I xdpp&z - D-axis subtransient reactance reactance [per unit]
I xdp&z - D-axis transient reactance [per unit)
I xl&z - Armature leakage reactance [per unit]
I tdop&z - D-axis transient open circuit time constant [per unit)

I tdopp&z - D-axis subtransient open circuit time constant [per unit]
I tqopp&z - 0-axis subtransient open circuit time constant [per unit]
I= -- r -rn----- (defined in macro mtr41c)
I alpha&z - (xd - xdpp)/(xdp - xdpp)

I INTERNAL (STATIC OR STATE RELATED)
I eqpp&z - 0-axis voltage behind subtransient reactance [per unit)
I edpp&z - D-axis voltage behind subtransiong reactance [per unit]
I eqpaZ - 0-axis voltage behind transient reactance [per unit]

£ INTERNAL (NOT STATE RELATED)

I Defined in macro synmtric() located in this file.
I eqpp&z&ic - eqpp ic [per unit]
I edpp&z&ic - edpp ic [per unit]
I eqp&zlic - eqp ic (per unit]
I
I Defined in macro excitmtro.
I eafaic -field excitation initial condition

I------- This model requires a separate exciter for the field winding.

MACRO synatr4b (t.,vq,vd , eaf~iq,id,wrn,z)

£ Begin Derivative Section

I --- compute Electromagnetic Torque
IZ--- (positive for motor action)

to - (-eqpp&z&*iq - edpp&z&*id + (xdpplu& - xqpp&x&)*id*iq)

I--- Rates of Change of state variables
eqppazld a (eqp&z& - eqpplz& -(=dpaz& - xdpplz&)*id)/tdoppaz
edpp&z&d - (-edpp&z& + (xq&z& - xqppaz&)*iq)/tqopp&z
eqp&zad - (-alpha&z&*eqp&s& + &

(alpha&z& - 1.O)*eqpp&z& + oaf)/tdopaz

I --- integrate to obtain flux linkages, speed and rotor angle.
eqpplz& - INTEG(eqpplu&d,eqpp&z&ic)
edpp&2& - INTEG(edpp&z&d,edpp&s&ic)
eqp&u& - INTE(eqp&z&d,eqplz&ic)
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i --- Compute voltages in terms of state variables
vq - (eqp&z& - xdpp&z&*id)
vd - (edpp&z& + zqpp&zI*iq)

I End of Derivative Section

MACRO END I of synmtr4

TWREE-PHASE SYNCHRONOUS MOTOR INITIALIZATION MODEL

Copyright 1992 by Timothy J. McCoy

Record of changes
I
I No. Date By summary
I----------------------------------------------------------------
1 0 1-28-92 tim Model written.
I

I macro: mtr4bic
I function: Initializes varous parameters for use with the

synchronous motor model syntr4.

CONCATERATION
a - synchronous machine identifier

MACRO mtr4bic(z)

I --- calculate paramater alpha
alpha&z& - (zd&z& - xdpp&zA)/(zdp&z& - xdpp&z&)

I --- Assume motor initially at rated speed
CONSTANT iqlz&ic - 0.0
CONSTANT id&z&ic - 0.0
edpp&z&ic - (xq&z& - xqpp&z&)*iq&z&ic
eqp&z&ic - -(alpha&z& - 1.0)*(xdp&z& - xdpp&z&)*id&z&ic &

+ eaf&z&ic
eqpp&z&ic - eqp&z&ic - (xdp&z& - xdpp&z&)*id&z&ic

MACRO END I of syrAttric

A.24 Voltage Regulator
-------------------------------------------------------------------

I

t GENE1RATOR VOLTAGEF 4GULATOR MODEL

I copyright 1992 by Timothy J. McCoy
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I

I macros vreg2.mac
I function: Limited PI type voltage regulator for a

synchronous generator.
This model comes from section 2.4 of notes from 6.686.

1 concatenation:
I z - generator exciter identifier
I
I inputs:

vd - D-axis terminal voltage [per unit]
vq - Q-axis terminal voltage [per unit]

I outputs:
I eaf - Generator exciter voltage [per unit]
I
I constants:

vtref&z - reference terminal voltage [per unit]
geaf&z - gain of exciter
taueafaz - time constant of exciter
eaf&x&ic - ic for generator exciter voltage
eafmin&z - minimum value of excitation voltage (per unit]
eafmax&z - maximum value of excitation voltage [per unit]

internal:
eaf&z&d - rate of change of exciter voltage
verr&z - error voltage [per unit]

MACRO vreg2 (eaf , vd,vq,z)

I --- parameters
CONSTANT vtref&z - 1.001, geafa: - 100.0, taucaf&z - 0.1, &

eaf&ic - 1.0, eafmin&z - 0.0, eafmax&z - 3.0

RTP( vt&z&,del&z& - vq,vd)

verr&z& - vtref&z-vt&z
eaf&d - (-eaf + geaf&z*(verr&z&))/taueaf&z
oaf - BOUND(eafmin&z,eafMax&z,LIHINT(eaf&d,eaf&ic,eafmin&z,eafmax&x))

MACRO END I of vreg2
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Appendix B: Parameter Values

The following listing provides the parameter values used for the various

components within the simulations.

B.1 Synchronous Machines

Parameter 18MVA 2.5 MW 20,000 HP units
Generator Generator Motor

Xd 1.77 1.63 1.76 per unit

Xq 1.64 1.01 1.157 per unit

V 0.15 0.18 0.542 per unit

xq" 0.15 0.28 0.494 per unit

0.18 0.25 0.608 per unit

0.13 0.075 0.337 per unit

ta 0.04 0.38 0.039 seconds

t9o 0.09 0.19 0.193 seconds

ta' 3.19 3.79 2.1 seconds

H 0.92 1.91 0.773 seconds

ob,, 3,600 900 150 rpm

Vbw 4,160 450 5,000 volts

Pb. 16,200 2,500 14,914 Kw

150



R.2 Voltage Regulators

Parameter l8MVA 2.5 MW 20,000 HP Units
Generator Generator Motor

Gain 100 100 100 none

Time Constant 0.1 0.1 0.05 seconds

B.3 DC-link Current Controller

Gain: 30.0

Time Constant: 0.01 Seconds

B.4 Speed Controller

Parameter Fast Mode Slow Mode Units

Gain 50 5 None

Time Constant 0.1 20 Seconds

B.5 Speed Governors

Parameter Diesel Gas Turbine Units

Gain 5 0.5 None

Time Constant 2 3 Seconds
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Appendix C: Two Motor Run

The following simulation run was made to show that the system would work

properly with two frequency changer / motor combinations connected to the bus. In this

simulation, both motor speed inputs and the ship speed start out at 0.5 per unit. This

condition is held for 15 seconds to allow the speed governors on the prime movers to

stabilize. At T=I 5 seconds, the #2 motor speed command is set to 0.9 per unit. As

expected, the ship begins to accelerate. At T=30 seconds, motor #1 speed command is set

to -0. 5 per unit. This action causes the acceleration of the ship to cease. Eventually the

ship speed stabilizes at about 0.6 per unit after 120 seconds. The following plots illustrate

the first 40 seconds of the simulation. This is to show the electrical transients in the

motors and generators as the speed command inputs are given the each respective motor.

As with all previous simulations, the ship's service load is set to 0.2 per unit at 0.8 power

factor lagging.

System #3: Steady at 0.5 per unit load on both shafts
Listing of values

T 160.000000 ZZTICG 0. CuRT 0.10000000
ZZIZERR F ZZRBLK 1 hhlCON 0
ZZSTFL T ZZFRFL F ZZICFL F
ZZRNFL F ZJ3FL F ZINIST 49
ZZNKAT 0 IALG 1 NSTP 10
MAXT 0.10000000 HINT 1.00003-08

State Variables Derivatives initial Conditions
EDPPG1 0.10793700 Z99995-4.07353-05 EDPPG1IC 0.
EDPPG2 0.07827220 Z99992-3.74873-05 EDPPG21C 0.
ZDPPM1-0.09764770 599930 1.10965-04 EDPPM1IC 0.
ZDPPM2-0.09764770 599925 1.10961-04 ZDPPK21C 0.
ENPTL1 7.19995000 599942 0. ENPTL11 7.20000000

ZQPG1 1.03021000 Z99994-1.07093-04 OQPGIIC 1.00000000
ZQPG2 1.03484000 599991 5.55533-05 ZQPG21C 1.00000000
ZQPI1 1.17462000 399929-2.44333-04 EOPNIlC 1.00000000
IQPM2 1.17462000 399924-2.44333-04 ZQPK21C 1.00000000

ZQPPG1 1.02334000 Z99996-9.38063-05 3QPPGIXC 1.00000000
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ZQPPG2 1.02266000 z99993 3.08873-05 ZQPPG21C 1.00000000

EQPPM1 1.16128000 z99931-2.4439Z-04 ZQPPNIIC 1.00000000

EQPP,2 1.16128000 z99926-2.44391-04 EQPPK2IC 1.00000000

!DC1 0.22691600 z99915 0.00218158 IDCIIC 0.

1DC2 0.22691600 z99912 0.00218158 IDC21C 0.

NGG1 7620.78000 z99965-0.24833000 *mGIx 7193.84000

NPTi 3599.98000 z99978-0.00255082 IpnlIx 3600.00000

TM1 24632.4000 399927 171.107000 TuNliC 0.

THHM2 24632.4000 z99922 171.107000 TIIOI2IC 0.

TZCRL1 54.4810000 z99959 0.00648499 TCIRLlI 13.0000000

WGm2 374.077000 z99979 6.32363-05 WMN21C 377.000000

WM1 171.107000 z99928 0.01276840 mJilIC 0.

wH12 171.107000 z99923 0.01276840 100121C 0.

Z99901 0. Z99900 0. 399899 0.

Z99903 0.50609400 Z99902 4.15703-04 vsIPUI 0.

z99905 0.23668500 Z99904-3.00473-04 IDCR2IC 0.

z99909 0.23668500 399908-3.00471-04 IDCR11C 0.

z99914 0.29332400 z99913-0.02582970 U2IC 0.99000000

z99917 0.29332400 z99916-0.02582970 U1IC 0.99000000

z99919 1.40698000 z99918 0.00965595 _AFr2IC 1.00000000

z99921 1.40698000 z99920 0.00965595 EAPK1IC 1.00000000

z99933 0.39940100 z99932-6.68781-05 xMvix 0.31609000

z99935 7620.79000 z99934-0.24414100 NGGLiI 7193.84000

z99937 94.6835000 z99936-0.02441410 Ps3Wc1z 68.0631000

z99939-3.34393-05 z99938-1.58693-05 31177l1 0.

z99941 54.5261000 z99940-0.01026270 ALPHA1I 40.9791000

z99944-345.138000 z99943-1.116OE-04 TGLAG1I-345.140000

z99948-0.65392500 z99947 5.92873-04 TABTRlI 0.

z99952 494.585000 z99951-0.52897100 QmKPlIl 0.

z99954 3599.98000 z99953 0. NPTL1I 3600.00000

z99956 26.9439000 z99955-0.00359245 PS4LL•1 21.7097000

z99958 26.5456000 z99957-0.00367846 P54Lli 21.3889000

z99964 1475.83000 Z99963-0.03127510 T51PLlI 1416.04000

z99967 2005.19000 z99966-0.07290180 T4PLII 1875.14000

z99973-0.08812110 z99972 0.00382487 NERR1I 0.

z99981 0.12512000 Z99980-6.6678E-05 THECB21C 0.

Z99986 1.00000000 Z99985 0. FUML21C 0.

z99988 1.27530000 z99987 2.6107E-04 EAFG21C 1.00000000

z99990 1.39421000 Z99989 6.2704E-04 EAFGIIC 1.00000000

Algebraic variables

otmon Block /ZZCONU/
APL1 0.17723600 AFRL1 0.17265700 ALPnA1 54.5261000

ALPHAILL 13.0000000 ALPHA1UL 120.000000 ALPHAG1 54.0000000

ALPHAG2 20.7143000 ALPHAM1 18.4545000 ALPHAK2 18.4545000

ARLLGII 0.31609000 BAsEKUG1 16200.0000 BASIKPG2 2500.00000

BAmZKNIM1 14914.0000 BsBKwx2 14914.0000 wASwGi 3600.00000

BASZNG2 900.000000 BABENm 150.000000 BASRI.2 150.000000

ABsEQm1 949455.000 RAs3QK2 949455.000 BASEVG1 4160.00000

BASZVG2 450.000000 SASVM1 5000.00000 BASzvK2 5000.00000

9ETAxl 2.20000000 azTAI2 2.20000000 BETAKi 2.20000000

BETAm2 2.20000000 BETANmNl1 1.57080000 BLDETAI1M2 1.57080000

BETAR1 1.27309000 BzTAR2 1.27309000 CQLID1 2.81433-05

CYL2 8.00000000 D3LAY2 0.49478600 DWLG1 0.11955700
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DELG2 0.10880500 DELI1-0.19875100 DEL12-0.19875100
DELM1-0.16062700 D3LK2-0.16062700 DELR1 0.14401700
DZLR2 0.14401700 DELTA2 1.00000000 DZLV 1.00003-04

DELVTQ1 0. DELWF1-0.60571300 DELWFIl 0.
DFL1-0.75945400 DFRL1-0.17252300 DN1-0.00255082

DNGG1 7620.72000 DNPT1-0.00255082 DNREF1 180.000000
DQ4S1 0.23181200 DQBR21-0.68991700 DQPTR1 3975.34000

DRLLG1Z 0.31609000 DRPMIT1 0. DT4HS1 0.06348980
DT51HS1 0.05651400 DZl 0.05000000 DZ2 0.05000000

3011 0. Z211-0.00424787 E221-0.25487200
Z231-0.08495740 351 8.45539000 361 0.
E71 0.14404000 E81 0. E91 0.45838300

EAFERRM1 9.65603-06 ZAFERRM2 9.65603-06 EAFG1 1.39421000

EAFGlD 6.2704E-04 EAFG2 1.27530000 ZAFG2D 2.61073-04
KAFM1 1.40698000 EAkMID 0.00965595 EAM1lMAX 3.00000000

EAM1MI4 0. 3AFM2 1.40698000 EAFM2D 0.00965595
EAF122AX 3.00000000 EAFM2MIN 0. EAPFAXG1 3.00000000
EAPMAXG2 3.00000000 EAFIING1 0. EAPKING2 0.

ZAPSM1 1.40699000 3115SK2 1.40699000 3DPPG1D-4.0735E-05
EDPPG2D-3.7487E-05 EDPPM1D 1.10963-04 ZDPPM2D 1.10963-04

E11 0.46625000 E12 0.46625000 Eism1 1.00000000
E3$92 1.00000000 E MFB1-3.34392-05 3aFSkT1-3.5977E-06
ENGG1-3.5977E-06 ZNPT1 7.19995000 ENPTI1 7.20000000

3PM1 1.28501000 3PN2 1.28501000 ZQPG1D-1.0709E-04
EQPG2D 5.55533-05 EQPK1D-2.4433E-04 3QP12D-2.44333-04

EQPPGID-9.38063-05 EQPPG2D 3.08872-05 EQPPNlD-2.44393-04
EQPPM2D-2.4439E-04 ER1 0.94481700 MR2 0.94481700

ERRBOUND 1.00003-04 ZRil-3.59773-06 FARGO 0
FARGI 1 FARG2 2 FARG3 3

FARGSO 0 FARGS1 1 FARGS2 2
FARGS3 3 FuzL2 0.19580600 FUEL2MAX 1.00000000

FUEL2MIN 0. FUELAG2 0.05038960 Gll 0.22000000
G31 0.50000000 G51 0.50000000 GBETAR1 30.0000000

GBETAR2 30.0000000 GEAPG1 100.000000 GEAFG2 100.000000
GEAFM1 100.000000 GEAFX2 100.000000 GLARGE1 50.0000000

GLARGE2 50.0000000 GM1 1.50000000 GM2 1.50000000
GSMALL1 5.00000000 GSMALL2 5.00000000 GSPEED1 5.00000000
GSPEED2 5.00000000 HG1 0.92400000 HG2 1.91000000

HHPS 0.51678100 Hill 1.28978000 DM2 1.28978000
BPI 2475.06000 HPIB 25000.0000 DPID 2475.06000

HPII 0. EPlORD 0. HP1ORDI 0.
HPT1ORD 2475.06000 IAJXQM1 0.28949400 IAJXQM2 0.28949400

IAM1 0.25021100 IA12 0.25021100 ICLIM1 70.0000000
ICNTRL1-0.08812110 ICNTRL1I 0. IDIGR 1.00000000

IDBM1 0. IDBM2 0. IDClD 0.00218158
IDC2D 0.00218158 IDCBG2 0.32394500 IDCOM1 0.23668500

IDCOH2 0.23668500 IDCR1 0.23668500 IDCRlD-3.0047Z-04
IDCR1DMAX 5.00000000 IDCR1DMIN-5.00000000 IDCR1MAX 0.80000000

IDCRIMIN 0. IDCR2 0.23668500 IDCR2D-3.0047Z-04
IDCR2DMAX 5.00000000 IDCR2DMIN-5.00000000 IDCR2MAX 0.80000000

IDCR2MIN 0. IDGI 0.22926900 IDGIIC 0.
IDGIM1 0.29932500 IDG2 0.17392700 IDG2ZRR 0.
IDG2IC 0. IDG2M1 0.32394500 IDI1 0.20229500

IDI2 0.20229500 IDL2 0.14486000 IDN1 0.20229500
IDMIIC 0. IDM2 0.20229500 IDM2IC 0.
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IDR1 0.23920500 IDR2 0.23920500 IDZXl 0.12199400
IDXD2 0.12198400 h1R11 0.00976887 IzmERIC 0.
IER32 0.00976887 IZRw2IC 0. IGG1 566.778000

IITIDI 580.484000 1QB0l 0. 1Q312 0.
IQCBG2 0.19968600 1QG1 0.07243820 IQGlIC 0.
IQGlIMl 0.09457250 IQG2 0.10721200 IQG2ZER 0.
IQG2IC 0. XQG2x1 0.19968600 IQ11-0.14724900

IQ12-0.14724900 IQL2 0.14747300 IQI1-0.14724900
Igmlxc 0. XQM2-0.14724900 IQK2IC 0.

IQR1 0.07339300 1QR2 0.07339300 J.G 16505.0000
JJPROP 1.3130Z+06 JJPS 1.47903+06 JJPT1 2171.50000
JJSHFT 166000.000 1003R8 0. K01RE3 0.20233900
K02RES-0.05737380 K03RES 0.96980600 K04RZS-0.23175100
K05RES 8.65721000 K06RZS-5.19908000 K07R1S-23.5963000
K08ReS 15.9458000 K09RES 20.3595000 K10RES-15.1637000

KALARMI 0 KBRAKEI 1.00000000 153A112 1.00000000
KC1l 0.50000000 KDFRQ 1.57080000 KOC 32.1740000

KGOV2 0.20000000 KHOLDPI1 1.00000000 KI 307.240000
K10311 1.30556000 K1G2M1 1.86253000 KKWGIM1 1.08623000

K11WG211 0.16762800 IPGoG1 0.01017600 KQHP 5252.10000
IRATI 0.16000000 KRATZ1 10.0000000 ISBTDN1 0
KTBL1 0 KTURSO2 0.50000000 KVGI1 0.83200000

KVG2M1 0.09000000 KVSHIP 0.00754970 150131 0.63727300
K0G211 0.04832140 LBRAKE1 F LBRAKE2 F

LCBG2 T LDOPLR F LFWDI T
LFWD2 T LBFADR F LROLDIPI F

LNGGlA F LPWRD1 F LSEA F
LT541A F MAXIT 10.0000000 MFIACI 0.58200000
MFKFR1 0.17259000 MFKMIV1 23.0000000 NFKN1 4.6080K-08

MFW1 159.400000 2091.30000 13659.6000
N1 3599.98000 NIl 3600.00000 N2 893.042000

3311 0.02294920 NGB 3600.00000 NGGIB 9827.00000
NGGL1 7620.79000 33AX2 950.000000 33112 400.000000
NPlPU 0.47042900 'PIPUI 5.3832Z-06 NP1RPM 68.0797000

NPIRP•I 7.79053-04 NP2PU 0.47042900 NP2PUI 5.38321-06
NP2RMPI 7.7905E-04 NP2RPM 68.0797000 NPRP3B 144.719000

NPRPSB 2.41200000 NPTIB 3600.00000 NPTIORD 3600.00000
NPTIORDI 3600.00000 NPTIR 3600.00000 NPTIRI 3600.00000

NPTL1 3599.98000 NPTQ1 158.067000 MPTQlI 158.068000
3PTR1 3599.98000 NPTRII 3600.00000 NREF1 3672.00000
NSET2 900.000000 P1 0.16000000 P2 14.6960000
P2T21 5.50753000 P541 26.5455000 P5411 21.3889000
P54L1 26.5456000 P54LL1 26.9439000 P54Q1 1.83342000

P54QII 1.47725000 P54R21 26.5450000 P54R21I 21.3889000
PAMB 14.6960000 PCNTRL1 0.01147460 PCNTRL1I 0.

PCTID1 0.01000000 PEIPM1 2.20000000 PHIPM2 2.20000000
PHISM1 0.20000000 PHISM2 0.20000000 PNGG1 77.5494000
PNGGR1 77.5494000 PNGGRII 73.2049000 PS31 94.6826000

PS311 68.0631000 PS3R21 94.6826000 P83R211 68.0631000
PS3WC1 94.6835000 PWRD1 9.90022000 PURDlI 0.

0l 0.12000000 Q41 7320.23000 Q4R21 7320.23000
QCAL1 2723.95000 QCALII 0. 0GB 36520.0000

Q81-0.45810500 OLIDI 364.725000 QLIDII 364.730000
QOKPi 494.570000 QMAP1I 0. QOAPLI 494.585000

QP1 234474.000 QPIF 6194.13000 QPIF1 92443.6000
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QP1i-0.23332300 QP1PU 0.18923400 QP1PUI-1.8831Z-07
QP2 234474.000 QP2F 6194.13000 QP2F1 92443.6000

QP21-0.23332300 QP2PU 0.18923400 QP2PUI-1.8831Z-07
QPBABZ 1.23913+06 QPSZAI 92466.4000 QPT1 3975.49000
QPT1B 36473.0000 QPT1I 364.730000 QPTlPU 0.10885800
OREF1 45000.0000 RDC1 0.02000000 RDC2 0.02000000

RSlPUO 0.09625660 RSlPUL-5.8911Z-04 RS1PU2 0.09581350
RS1PU3 0.10240200 - RS1PU 0.29388300 RSIPUZO 0.

RSlPUI1 0. RSIPUI2 0. RB1PUZ3 0.
RS1PUZ 0. SZAFRQ 1.04720000 BZATINU 0.

SNEGVL1 0. SPDZRR11C 0. SPDZRR2 6.95807000
SPDERR2IC 0. SPDRZF1 0.50000000 SPDREF2 0.50000000
SPEEDERRI 0.04613510 SPEEDZRR2 0.04613510 SQRT12 1.00000000

SWITCHVAR1 0.02903650 SWITCHVAR2 0.02903650 TOSEA 0.
T2 518.700000 T41 2004.96000 T4P1 2004.90000

T4PL1 2005.19000 T4R21 2004.90000 T4U1-3.64363000
T511 1475.59000 T51P1 1475.53000 T51PLI 1475.83000

T51Q1 1.00004000 T51R21 1475.53000 TSU1-3.62814000
T541 966.618000 TABTR11 0.54461100 TALPHAl(32) 999.900000

Z99976(16) 108.000000 Z99977(16) 999.900000 TAhS 59.0000000
TAUBETAR1 0.01000000 TAUBETAR2 0.01000000 T'AUKRAG 0.10000000
TAUZJAG2 0.10000000 TAUZAPM1 0.10000000 TAUEAFM2 0.10000000
TAUFAST1 0.10000000 TAUFAST2 0.10000000 TAUGOV2 2.00000000
TAUSLOW1 20.0000000 TAUSLOW2 20.0000000 TAUSPEEDI 20.0000000

TAUSPEED2 20.0000000 TC11 3.00000000 TDOPG1 3.19000000
TDOPG2 3.79000000 TDOPM1 2.10000000 TDOPM2 2.10000000

TDOPPG1 0.04000000 TDOPPG2 0.38000000 TDOPPM1 0.03900000
TDOPPM2 0.03900000 TDT541(48) 99999.0000 Z99968(36) 68.3000000

Z99969(12) 99999.0000 TEG1-0.09887520 TEG1!C 0.
TEG2-0.12512000 T-111 0.18932100 TE12 0.18932100

TESM1 3610.92000 '1SM11 0. TGLAG1 7.19996000
TBDOT21-0.00996538 T M2N 1.00000000 THETA2 1.00000000

TERESHOLD1 0.10000000 TERESHOLD2 0.10000000 THTA2V 1.00000000
TIC1 54.4816000 TICILL 13.0000000 TIClUL 113.500000

TICMDI1 54.4816000 TICHDI 13.0000000 TICN1-0.07664650
TICNII 0. TICRLILL-89.0000000 TICRLIUL 22.5000000

TICS1 54.5570000 TICS1I 13.0000000 ThP(116) 950.000000
Z99997(96) 0.92280000 Z99998(20) 950.000000 TNG2 0.12512000

TP10-0.18923400 P102-0.18923400 TORQ2 0.12508700
TP1PU 0.17447200 TPIPuI 0. TP2PU 0.17447200

TP2PUI 0. TQOPPG1 0.09000000 TQOPPG2 0.19000000
TQOPPM1 0.19300000 TQOPPM2 0.19300000 TSZA 6.00000000

TSTOP 160.000000 TURBOLAG2 0.44439700 TUT4H1 0.25220100
TUT51H1 0.10368500 TVSOREF 696.262000 Ul 0.29332400

U1D-0.02582970 U2 0.29332400 U2D-0.02582970
UMAX1 0.99000000 UKAX2 0.99000000 UNIN1 0.
UNIN2 0. VDBIC 0. VDBUS 0.12826000

VDCBG2 0.12826000 VDERR 0. VDG1 0.11880200
VDG2 0.10829200 VD11-0.09205850 VDI2-0.09205850
VDM1-0.07733350 VDK2-0.07733350 VDR1 0.13560000
VDR2 0.13560000 VZRRG1 0.01394270 VERRG2 0.01275330

VI1-0.45383500 V12-0.45383500 VN1 7.34400000
VNSF1 500.000000 VQ1 9.00000000 VQBIC 1.00000000
VQBUS 0.95895100 VQCSG2 0.95895700 VQZRR 0.

VQG1 0.98894700 VQG2 0.99134900 VQI1 0.45707100
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VQI2 0.45707100 VQKI 0.47730000 VQK2 0.47730000
VQR1 0.93503600 VQR2 0.93503600 VosF1 5000.00000

VR1 0.45838300 VR2 0.45838300 VRATZI 0.
VRsF1 360.000000 VS1PUO 1.0000-05 VS1PU10 0.00110232

Vs1PU1OI 0. VSIPU2 0.25613100 VSIPU21 0.
VS1PU3 0.12962600 VS1PU3I 0. VS1PU4 0.06560300

VS1PU4I 0. VS1PU5 0.03320130 VSlPU5I 0.
VSlPU6 0.01680290 VSlPU6I 0. VSlPU7 0.00850387

VS1PU7I 0. VS1PU8 0.00430375 VS1PU8I 0.
VSlPU9 0.00217810 vSlPU9I 0. VS1PU 0.50609400

VT12 0.93604900 VTG1 0.99605700 VTG2 0.99724700
VTM1 0.48352500 VTN2 0.48352500 VTOP1 0.

VTREFG1 1.01000000 VTUFG2 1.01000000 VTRQGS1 0.
W41 57.3892000 W4R21 57.3892000 W541 64.1990000

W54R21 64.1990000 WAVE 4.00000000 WZFSZJ 1.04720000
WES133 0. WESEANG 0. WESKAx 0.10000000
WFAC1 4302.86000 WFSR21 3173.84000 WFUm.1 3173.23000

WPUEL1I 2185.21000 WMG1 376.998000 WMG2D 6.3236E-05
WMilD 0.01276840 WIMi2D 0.01276840 WO 377.000000

WRNIORD 1.00000000 WRN1ORDIC 1.00000000 WMNG1 0.99999400
WRNG1IC 1.00000000 WRNG2 0.99224700 WRNM1 0.45386500

WRNM2 0.45386500 XDC1 1.68000000 XDC2 1.68000000
XDG1 1.77000000 XDG2 1.63000000 XDi1 1.76000000
XDM2 1.76000000 XDMXQN1 0.60300000 XDMXQN2 0.60300000

XDPG1 0.18000000 XDPG2 0.25000000 XDPi1 0.60800000
XDPM2 0.60800000 XDPPG1 0.15000000 XDPPG2 0.18000000

XDPPH1 0.54200000 XDPPM2 0.54200000 XG1 0.10000000
XG2 0.10000000 XK3L1 2.20000000 XL1 0.10000000

XLG1 0.13000000 XLG2 0.07500000 X2Ji1 0.33700000
XI112 0.33700000 Xmi 0.10000000 IliVI 0.39936800
XQG1 1.64000000 XQG2 1.01000000 XQM1 1.15700000
XQM2 1.15700000 XQPPG1 0.15000000 XQPPG2 0.28000000

XQPPM1 0.49400000 XQPPN2 0.49400000 XVSOREF 207.220000
299871 0.32391200 Z99872-0.97516100 Z99873 0.32394600
Z99874 0.32391200 Z99875 0.32392900 Z99877 1
399878 0.19968600 Z99879-1.50261000 Z99880 0.19953500
399881 0.19978700 Z99882 0.19968800 Z99884 1
Z99885 0.95895700 Z99886-1.09385000 399887 0.95890400
Z99888 0.95900500 Z99889 0.95901400 399891 1
399892 0.12826000 Z99893-0.85598100 399894 0.12824300
399895 0.12828100 Z99896 0.12826000 399898 1
399906 0.02903650 Z99907 0.02903650 399910 0.02903650
399911 0.02903650 399945 7.19995000 399946 7.19996000
399949 0.54478900 Z99950 0.54461100 399960 47
399961 40 Z99962 49.2683000 Z99970 20
399971 54.5570000 299974 18 399975 13.0000000
Z99982 115 Z99983 99 399984 0.12508700
ZZSEED 55555555
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Appendix D: Simulation Output

This appendix contains an ACSL debug dump of all model values followed by

graphical outputs of important variables of interest. The debug dump is rather lengthy,

but this will allow re-creation of the simulation in the future if required. See appendix F

for a dictionary of the variable names.

D.1 Acceleration From Rest

T 150.000000 ZsTICG 0. CuRT 0.10000000
ZZIERm P ZsNULX 1 ZZICOM 0
ZZST, L T zZFsn r FZZICL F
ZZRNYL F sZsiz F ZsNzST 42
ZZRAST 0 XAL4 1 NSTP 100

MAXT 0.10000000 MINT 1.00001-08

State Variables Derivatives Initial Conditions
EDPPG1 0.20712500 Z99995 2.80481-05 RDPPG1IC 0.
EDPPG2 0.26969000 Z99992-2.4818E-05 RDPPG2IC 0.
EDPPM1-0.42161800 Z99926-2.21423-05 RDPPM1IC 0.
ZNPTL2 7.19999000 Z99940-4.76841-05 1NPTL2I 7.20000000

1QPG1 1.03756000 899994-2.16111-05 1QPG1IC 1.00000000
IQG2 1.00525000 Z99991 7.16741-06 ZQPG21C 1.00000000
ZQPM1 1.11792000 Z99925 8.20201-07 1QPM1IC 1.00000000

EQPPG1 1.01382000 Z99996 5.3622Z-06 IQPPG1IC 1.00000000
EQPPG2 0.99599300 Z99993-7.49703-06 XQPPG2IC 1.00000000
IQPPM1 1.06026000 Z99927-1.4624E-05 RQPPM1IC 1.00000000

IDC1 0.97999000 Z99910 6.69761-05 IDC1IC 0.
NGG2 7939.00000 Z99963-8.25272-04 NGG2I 7193.84000
NPT2 3599.99000 399976-0.02691890 NPT21 3600.00000

TM4G1 56018.5000 399978 373.192000 399977 0.
THMG2 56552.3000 399929 376.999000 Z99928 0.
THIM1 44224.0000 399923 366.055000 TMUIlIC 0.

TICRL2 64.6034000 Z99957 0.00938416 TICRL21 13.0000000
1061 373.192000 Z99979-7.44131-04 WNMIIC 377.000000
W1i01 366.055000 Z99924 0.01456500 WlMElIC 0.

399913 0. 399912 0. 399911 0.
399915 1.00474000 299914 7.60953-05 V81PUI 0.
Z99917 1.00000000 Z99916 0. IDCR1IC 0.
399920 0.60061100 Z99919-0.03035660 UlC 0.99000000
399922 2.12437000 399921 0. ZAFMlIC 1.00000000
399931 0.48354200 Z99930-6.63142-07 XXV21 0.31609000
399933 7939.00000 399932 0. NWGL=2 7193.84000
399935 124.227000 399934 0. RS3WC21 68.0631000
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Z99937-3.31573-07 Z99936 7.2369Z-08 ZXFFB21 0.
z99939 64.6195000 Z99938 0. ALPEA21 40.9791000
299942-345.140000 Z99941 0.00237404 TGLAG2I-345.140000
Z99946-1.73586000 Z99945-1.3908E-05 TABTR2I 0.
Z99950 1313.25000 Z99949 0.01220700 QXAPL21 0.
Z99952 3599.99000 Z99951-0.02882220 NPM2I 3600.00000
Z99954 31.9862000 Z99953-5.0712Z-06 P54LL21 21.7097000
Z99956 31.5135000 Z99955 0. P54L2I 21.3889000
z99962 1539.07000 Z99961-3.92839-04 T51PL21 1416.04000
Z99965 2130.50000 Z99964-0.01189530 T4PL21 1875.14000
z99971-0.01978600 Z99970 0.00154622 N3RR21 0.
Z99981 0.36751700 Z99980 1.4539E-05 TMCHIIC 0.
Z99986 1.00000000 Z99985 0. FUELIIC 0.
Z99988 1.49561000 Z99987 0.00220656 EAFG21C 1.00000000
Z99990 1.50550000 Z99989-0.00187397 EAFG1IC 1.00000000

Algebraic Variables

osmon Block /ZZCOMU/
AFL2 0.16428700 AFRL2 0.17259100 ALPaA2 64.6195000

ALPHA2LL 13.0000000 ALPHA2UL 120.000000 ALPHAG1 20.7143000
ALPHAG2 54.0000000 ALPHAM1 18.4545000 ARLLG2I 0.31609000

RASEKWG1 2500.00000 BASEKWG2 16200.0000 BAsEzum1 14914.0000
BASENG1 900.000000 BASENG2 3600.00000 BASENN1 150.000000
BASZQN1 949455.000 BAsBVG1 450.000000 BASEVG2 4160.00000
SASEVM1 5000.00000 sETAIl 2.20000000 BITARi 0.92653200

CQLID2 2.8143E-05 CYLl 8.00000000 DELAYl 0.41613500
DELG1 0.29216700 DELG2 0.30293100 DzLI1-0.89761000
DzLR1 0.42805300 DELTA2 1.00000000 DELV 1.0000E-04

DELVTQ2 0. DELWF2-0.03955080 DELWF21 0.
DFL2-0.77240300 DFRL2-0.17258900 DN2-0.02691890

DNGG2 7939.00000 DNPT2-0.02691890 DNRBF2 180.000000
DQ4S2 0.03920190 DQHR22-0.04072430 DQPTR2 9984.12000

DRLLG2I 0.31609000 DRPMDT2-3.5858E-05 DT4HS2 0.00812641
DT51HS2 5.57021-04 Z021 0. 3212-0.00151284

E222-0.09077050 1232-0.03025680 152 7.55344000
362 0. 372 0.14412100 z82 0.
E92 0.50003600 EAPERRN1 0. 1AFG1 1.50550000

EAFGlD-0.00187397 EAFG2 1.49561000 EAFG2D 0.00220656
1AFM1 2.12437000 EAFMID 0. IAFMKMAX 4.00000000

EAFNMIIN 0. EAFNAXG1 3.00000000 EAFKAXG2 3.00000000
1APNING1 0. EAFNING2 0. 1AF183 2.12437000

3DPPG1D 2.8048E-05 EDPPG2D-2.48181-05 EDPPNID-2.21421-05
EIll 0.91375200 11SI 1.00000000 zmFFB2-3.31571-07

1MFSAT2-2.5686Z-08 1NGG2-2.5686E-08 ENPT2 7.19999000
1NPT2I 7.20000000 EPMi 1.58679000 EQPGID-2.16112-05
ZQPG2D 7.1674Z-06 IQPMID 8.20201-07 IQPPG1D 5.36223-06

3QPPG2D-7.49701-06 EQPPMID-1.46243-05 zR1 0.91505900
IRREOUND 1.00001-04 IRX2-2.5686g-08 FARGO 0

FARGI 1 FARG2 2 FARG3 3
FARGO0 0 FARGS1 1 FARGS2 2
rARGS3 3 FUEL1 0.40711500 FUILIMAX 1.00000000

FUILiKIN 0. FUSLAG1 0.05050910 G12 0.22000000
G32 0.50000000 G52 0.50000000 GBITAR1 30.0000000

01A101 100.000000 GEAFG2 100.000000 G1Ar11 100.000000
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GSPRED1 100.000000 EG1 1.91000000 HG2 0.92400000
BHPS 0.51678100 BM1 1.28978000 HP2 6594.62000
HP2B 25000.0000 HP2D 6594.62000 HP2I 0.

HP2ORD 0. HP2oRDi 0. HPT2ORD 6594.62000

IAJXQM1 1.04928000 ICLIK2 70.0000000 ICNTRL2-0.01978600
ICNTRL2I 0. ID2GR 1.00000000 IDCID 6.69763-05

IDCR1 1.00000000 IDCR1D 10.0000000 IDCRIDXAX 10.0000000
IDCRIDMIN-10.0000000 XDCRlMAX 1.00000000 IDCRXXMN 0.

IDGI 0.33911600 IDG11C 0. IDG2 0.30839800

IDG2ERR 0. IDG2IC 0. IDL2 0.17026800
IDM1 0.87365600 IDNlIC 0. IDRI 0.86397900

IDSM1 0.89149500 IDXM1 0.53757100 IZRR1 0.02001020

IZRR1IC 0. IGG2 566.778000 IITID2 580.484000
IQG1 0.28374100 IQG1IC 0. IQG2 0.18099900

IQG2ERR 0. IQG2IC 0. IQL2 0.11576500
IQMI-0.63593000 IQMlIC 0. IQR1 0.64901600
JJG 16505.0000 JJPROP 1.3130Z+06 JJPS 1.4790E+06

JJPT2 2171.50000 JJSHFT 166000.000 KOORES 0.
KOiRES 0.20233900 K02RES-0.05737380 K03RES 0.96980600

K04RES-0.23175100 K05R1S 8.65721000 K06RES-5.19908000
K07RES-23.5963000 KOSRES 15.9458000 KO9RPS 20.3595000
K11ORS-15.1637000 XALARK2 0 KC12 0.50000000

KDFRQ 1.57080000 KGC 32.1740000 KGOV1 0.20000000
XBOLDPI2 1.00000000 XK 307.240000 KIGIM1 1.86253000

KIG2M1 1.30556000 XKWG1M1 0.16762800 KKWG2M1 1.08623000
KPUGG2 0.01017600 XQNP 5252.10000 KRAT2 0.16000000
KRATE2 10.0000000 KSHTDN2 0 KTBL2 0

KTURBO1 0.50000000 KVGIM1 0.09000000 KVG2M1 0.83200000
KVSHIP 0.00754970 KZG1M1 0.04832140 KZG2M1 0.63727300
LDOPLR F LFWD1 T LADR F

LHOLD2PI F LNGG2A F LPWRD2 F
LSEA F LT542A F KAXIT 10.0000000

MFKAC2 0.58200000 MFKFR2 0.17259000 MFXNV2 23.0000000
MFNK2 4.6080E-08 MFW2 159.400000 2091.30000

13659.6000 N1 890.929000 N2 3599.99000
N21 3600.00000 NIRR2 0.00927734 NGB 3600.00000

NGG2B 9827.00000 NGGL2 7939.00000 mMI1 950.000000
NXIN1 400.000000 NP1PU 1.00640000 NP1PUI 5.3832E-06

NP1RPM 145.645000 NPIRPMI 7.79051-04 NP2PU 1.00640000
NP2PUI 5.3832Z-06 NP2RMPl 7.79053-04 NP2RPM 145.645000
NPRPMD 144.719000 NPRPSB 2.41200000 NPT2B 3600.00000

NPT2ORD 3600.00000 NPT2ORDI 3600.00000 NPT2R 3600.00000
NPT2RI 3600.00000 NPTL2 3599.99000 NPTQ2 158.068000
YPTQ21 158.068000 NPTR2 3599.99000 NPTR21 3600.00000

NREF2 3672.00000 NSIT1 900.000000 P1 0.16000000
P2 14.6960000 P2T22 5.50753000 P542 31.5135000

P5421 21.3889000 P54L2 31.5135000 P54LL2 31.9862000

P54Q2 2.17652000 P54021 1.47725000 P54R22 31.5135000
P54R221 21.3889000 PAIU 14.6960000 PCNTRL2 0.00463867

PCNTRL21 0. PCTID2 0.01000000 PHISM1 0.20000000
PNGG2 80.7877000 PUGGR2 80.7877000 PNGGR21 73.2049000
P832 124.227000 P8321 68.0631000 PS3R22 124.227000

PS3R221 68.0631000 PS3WC2 124.227000 PURD2 26.3785000
PWRD21 0. Qi 0.12000000 Q42 10277.3000

Q4R22 10277.3000 QCAL2 7232.78000 QCAL2I 0.
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QGB 36520.0000 QH2-0.00152240 QLID2 364.728000

QLZD21 364.730000 QRAP2 1313.25000 QKAP21 0.

QMAPL2 1313.25000 QP1 1.2587E+06 QP1F 12771.9000

QP1FI 92443.6000 QP1i-0.23332300 QP1PU 1.01583000

QP1PUI-1.8831-0 7  QP2 1.25873+06 QP2F 12771.9000

QP2FI 92443.6000 QP2I-0.23332300 QP2PU 1.01583000

QP2PUI-1.8831E-07 QPBASZ 1.2391Z+06 QpSBAP 92466.4000

QPT2 9984.12000 QPT2B 36473.0000 QPT2I 364.730000

QPT2PU 0.27338800 QRZF2 45000.0000 RDC1 0.02000000

RsIPUo 21.9066000 RS1PU1-20.8741000 RSIPU2 0.68955800

RSlPU3 0.20329700 RSlPU 1.92537000 RSIPUIO 0.

RSIPUI1 0. RSlPUI2 0. RSlPUI3 0.

RS1PUI 0. SzAPRQ 1.04720000 SZATIME 0.

SNNGVL2 0. SPDERR1 9.07117000 SPDZEI1 1.00000000

SPEzDERR1 0.02903100 SQRTH2 1.00000000 TOSS& 0.

T2 518.700000 T42 2130.46000 T4P2 2130.46000

T4PL2 2130.50000 T4R22 2130.46000 T4U2-0.5945 2 8 0 0

T512 1539.07000 T51P2 1539.07000 T51PL2 1539.07000

T51Q2 1.00000000 T51R22 1539.07000 T51U2-0.04557140

T542 1026.56000 TABTR12 1.44656000 TALPHA2(32) 999.900000

Z99974(16) 108.000000 X99975(16) 999.900000 TANS 59.0000000

TAUBETARI 0.01000000 TAUEAFG1 0.10000000 T&UEAFG2 0.10000000

TAUZAFM1 0.05000000 TAUGOV1 2.00000000 TAUSPEEDi 0.10000000

TC12 3.00000000 TDOPG1 3.79000000 TDOPG2 3.19000000

TDOPK1 2.10000000 TDOPPG1 0.38000000 TDOPPG2 0.04000000

TDOPPM1 0.03900000 TDT542(48) 99999.0000 Z99966(36) 68.3000000

Z99967(12) 99999.0000 TEG1-0.3675250 0  TEG2-0.2634 4 6 0 0

TEG21C 0. TMI1 1.01593000 TEsil2 9621.03000

TESM21 0. TGLAG2 7.19988000 TEDOT22 0.

THRT2N 1.00000000 THETA2 1.00000000 TETA2V 1.00000000

TIC2 64.6044000 TIC2LL 13.0000000 TIC2UL 113.500000

TICMD2 64.6044000 TICMD2I 13.0000000 TICN2-0.015 1 4 7 3 0

TICN2I 0. TICRL2LL-89.0000000 TICRL2UL 22.5000000

TICS2 64.6200000 TICS2I 13.0000000 TKAP(116) 950.000000

Z99997(96) 0.92280000 Z99998(20) 950.000000 TMG1 0.36751700

TNK1-1.015830 0 0  TM12-1.015830 0 0  TORQ1 0.36752300

TP1PU 0.96772600 TPIPuI 0. TP2PU 0.96772600

TP2PUI 0. TQOPPG1 0.19000000 TQOPPG2 0.09000000

TQOPPM1 0.19300000 TSEA 6.00000000 TSTOP 150.000000

TUIROLAGI 0.36562600 TUT4H2 0.29891600 TUT51S2 0.12377200

TVSOREF 696.262000 Ul 0.60061100 U1D-0.030356 6 0

UmAXi 0.ýQ000000 UiMi1 0. VDBIC 0.

VD1BUS 0.31494000 VD3RR 0. VDG1 0.28657300

VDG2 0.29684000 VDN1-0.71440 7 0 0  VDR1 0.37984100

VERRG1 0.01505320 VERRG2 0.01495830 VI1-0.8894220 0

Vii2 7.34400000 VSF2 500.000000 VQ2 9.00000000

VQSIC 1.00000000 VQBUS 0.91889700 VQERR 0.

VQG1 0.95278300 VQG2 0.94973400 VQU1 0.56970600

VQR1 0.83249900 VQSF2 5000.00000 VR1 0.90902200

VR2 0.50000000 VRAT92 0. VRSF2 360.000000

VSIPUO 1.00003-05 VS1PU1O 1.04838000 V81PU10I 0.

VS1PU2 1.00949000 VS1PU21 0. VS1Pr3 1.01427000

VS1PU31 0. VS1PU4 1.01908000 VS1PU41 0.

V81PU5 1.02390000 VSlPU5I 0. VS1PU6 1.02875000

vslPU6I 0. VS1PU7 1.03362000 VS1PU7I 0.
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VS1PU8 1.03852000 VS1PUsI 0. VSIPE9 1.04344000
VSIPU91 0. VS1PU 1.00474000 VT12 0.94355800

VTG1 0.99494700 VTG2 0,99504200 VTOP2 0.
VTREFG1 1.01000000 VTREFG2 1.01000000 VTRQGS2 0.

W42 73.1600000 W4R22 73.1600000 W542 81.8123000
W54R22 81.8123000 WAVE 4.00000000 WEPSZA 1.04720000
W1S3A 0. WESI•AN 0. WESKIM 0.10000000
WPAC2 5787.87000 NFSR22 4364.46000 WFUEL2 4364.42000

WFURL21 2185.21000 WMGID-7.4413z-04 WNG2 376.999000
UMNlD 0.01456500 WO 377.000000 WRN2ORD 1.00000000

IWRN2ORDIC 1.00000000 WRNG1 0.98989900 wRN62 0.99999700
WRMG21C 1.00000000 WRN31 0.97096900 W1332 0.97096900

XDC1 1.68000000 XDG1 1.63000000 XDG2 1.77000000
XDX1 1.76000000 XDRXQK1 0.60300000 XDPG1 0.25000000

XDPG2 0.18000000 XDPM1 0.60800000 XDPPG1 0.18000000
XDPPG2 0.15000000 XDPPK1 0.54200000 XGI 0.10000000

XG2 0.10000000 X13L2 2.20000000 fLr1 0.10000000
XLG1 0.07500000 XLG2 0.13000000 XJI1 0.33700000
XXV2 0.48354200 XQG1 1.01000000 XQG2 1.64000000
XQM1 1.15700000 XQPPG1 0.28000000 XQPPG2 0.15000000

XQPPH1 0.49400000 XVSORF 207.220000 Z99883 0.30836800
Z99884 0. 399885 0.30841400 Z99886 0.30836800
Z99887 0.30836800 Z99889 1 399890 0.18098100
Z99891 0. 399892 0.18101400 Z99893 0.18098100
399894 0.18099700 399896 1 399897 0.91889700
Z99898-1.96239000 399899 0.91864100 399900 0.91902700
Z99901 0.91887100 399903 1 399904 0.31494000
Z99905-2.66414000 399906 0.31488000 399907 0.31496200
399908 0.31494700 399910 1 z99943 7.19999000
Z99944 7.19988000 399947 1.44656000 399948 1.44656000
399958 47 Z99959 40 399960 52.8073000
Z99968 22 399969 64.6200000 399972 18
399973 13.0000000 399982 115 Z99983 100
399984 0.36752300 ZZSEED 55555555
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D.2 Single Mode Speed Control in Moderate Seas

System #2: moderate waves

T 150.000000 SZTICG 0. CniT 0.10000000
SSZ1ZRR F SSUDLR 1 ZICOR 0

SSSTYL T SSFRFL F SKZCL F
SZSRFL F SEiJY F EZEIST 40
ZZMAST 0 __&LG 1 NSTP 10

HAXT 0.10000000 MINT 1.00003-08

State Variables Derivatives initial conditions
EDPPG1 0.10393600 599995 0.01313510 ZDPPGI1C 0.
ZDPPG2 0.13385500 Z99992 0.01724740 ZDPPG21C 0.
ZDPPH1-0.24317800 Z99930-0.05109890 ZDPPK1IC 0.
ZNPTL2 7.19951000 599942 4.05313-04 ZNPT'L21 7.20000000

ZQPG1 1.05134000 599994 0.00710219 3QPG1IC 1.00000000
ZQPG2 1.02220000 Z99991 0.00198796 zQPG21C 1.00000000
EQPK1 0.99769300 599929 0.00350416 3QPK1IC 1.00000000

EQPPG1 1.03125000 599996 0.00520087 3QPPG1IC 1.00000000
ZQPPG2 1.01603000 599993 0.00142611 ZQPPG21C 1.00000000
ZQPPH1 0.96322100 599931-0.00344501 RQPPII1C 1.00000000

ZDC1 0.58815000 S99922 0.12471900 IDC11C 0.
NGG2 7652.43000 399965 38.1411000 NfG21 7193.84000
NPT2 3599.80000 599978 0.31122000 NPT21 3600.00000

THmil 37119.1000 599927 273.519000 TuNmliC 0.
TICRL2 55.8717000 Z99959 1.17374000 TCI•L21 13.0000000

1M101 373.828000 S99979-0.06713930 Wl=11C 377.000000
10111 273.519000 599928-1.64936000 NMl=C 0.

599917 0.12000000 Z99916 1.8626Z-08 299915 0.
Z99919 0.80122200 S99918 4.96471-04 VS1pul 0.
599921 0.60090100 599920 0.11261300 ZDCR11C 0.

599924 0.38249300 599923 0.00397265 UlIC 0.99000000
599926 1.60674000 Z99925 0.12826900 ZA?1iC 1.00000000
599933 0.40812500 599932 0.01081880 XIV21 0.31609000
Z99935 7650.92000 599934 37.6953000 noGL21 7193.84000

Z99937 98.0760000 599936 3.63216000 PS3WC21 68.0631000
299939 0.00540942 599938 1.2422X-04 3WF5B21 0.
599941 55.7961000 599940 1.17467000 ALPA21 40.9791000
599944-345.117000 Z99943-0.01869810 TGLAG21-345.140000
Z99948-0.71828700 Z99947-0.08995550 T3BTR21 0.
599952 563.829000 S99951 81.0201000 QMAPL2z 0.
599954 3599.76000 599953 0.22549100 NRPTL21 3600.00000
599956 27.4282000 Z99955 0.55030300 P54tL21 21.7097000
S99958 27.0445000 Z99957 0.54005200 P54L21 21.3889000
599964 1480.31000 599963 1.80771000 T51PL21 1416.04000
599967 2015.24000 599966 6.35242000 T4,L21 1875.14000
Z99973-0.04550120 599972 0.03381350 HEwR21 0.
Z99981 0.18034100 399980 0.03046940 TLJCEIIC 0.
399986 1.00000000 599985 0. FUEM1IC 0.
599988 1.35554000 599987 0.00328422 MPG21C 1.00000000
Z99990 1.47432000 599989 0.00403643 ZAFGI1C 1.00000000
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Algebraic variables

oUWon Block /ZSCOIU/
AFL2 0.16580000 APRL2 0.16177100 ALPKH2 55.7961000

ALPHA2LL 13.0000000 ALPH&2UL 120.000000 ALPMGI 20.7143000

ALPH•G2 54.0000000 ALPUM"I 18.4545000 ARLLG2I 0.31609000

BmAEKWG1 2500.00000 BASK•WG2 16200.0000 BASZIWKI 14914.0000

BASMIG1 900.000000 BASIG2 3600.00000 BSuZmi 150.000000

BASEQN1 949455.000 BMWVG1 450.000000 BASE'JG2 4160.00000

BASEVM1 5000.00000 BuTAhI 2.20000000 BETARI 1.17830000

CQLID2 2.81431-05 CYLl 8.00000000 DELAY1 0.47403000

DILG1 0.14596800 D3LG2 0.14855900 DELI1-0.56631
6 0 0

DZLR1 0.20206400 DELTA2 1.00000000 DZLV 1.00003-04

DELVTQ2 0. DELWF2 80.2798000 DELWF2I 0.

DFL2-0.770889
0 0  DFRL2-0.18340900 DM2 0.31122000

DNGG2 7660.77000 DUPT2 0.31122000 DNRzF2 180.000000

DQ4S2-20.3 9 0 0 0 0 0  DQHR22 90.7505000 DQPTR2 4761.81000

DRLLG2I 0.31609000 DRPKDT2 3.0479E-04 DT4BS2-5.382 9 8000

DT51SS2-3.1 7 89 7 0 0 0  1021 0. 1212 0.00711710

1222 0.42702600 1232 0.14234200 152 8.35195000

162 0. 372 0.14359100 E82 0.

992 0.49969500 ZAFERRK1 6.4135E-05 nFNG1 1.47432000

3FAG1D 0.00403643 ZAFG2 1.35554000 zF~G2D 0.00328422

EAPMI 1.60674000 ZAFNIlD 0.12826900 AFPKKIU 4.00000000

ZAFMI4IIN 0. EAPKAXG1 3.00000000 EAPKAXG2 3.00000000

EAMfNG1 0. FMXAZNG2 0. EAPSI1 1.60680000

1DPPG1D 0.01313510 ZDPPG2D 0.01724740 EDPPKID-0.051098
9 0

EZ1 0.58378600 EISMI 1.00000000 ENMFB2 0.00540942

.JIFSAT2 4.75791-04 IEGG2 4.7579Z-04 ENPT2 7.19953000

SNPT21 7.20000000 EPKi 1.28377000 BQPG1D 0.00710219

EQPG2D 0.00198796 ZQPN1D 0.00350416 1QPPG1D 0.00520087

EQPPG2D 0.00142611 ZQPPNID-0.00344501 ERI 0.91761100

ERRBOUND 1.00003-04 EM 4.75791-04 FARGO 0

FARGi 1 FARG2 2 FARG3 3

FARGS0 0 FARG-I 1 FARGS2 2

FARGS3 3 FUELl 0.25527800 FUELiKAX 1.00000000

FUmL1mIN 0. FUELAG1 0.05042310 G12 0.22000000

G32 0.50000000 G52 0.50000000 GBETAR1 30.0000000

GEArG1 100.000000 GFAPG2 100.000000 GEaPi 100.000000

GSPIZD1 25.0000000 HG1 1.91000000 HG2 0.92400000

H"PS 0.51678100 HN1 1.28978000 HP2 2993.90000

HP2B 25000.0000 HP2D 2993.90000 OP21 0.

HP2ORD 0. HP2oRDi 0. HPT2ORD 2993.90000

IAJXQK1 0.63051500 ICLIN2 70.0000000 ZCN'YRL2-0.045501
2 0

ICYTRL21 0. ID2GR 1.00000000 IDC1D 0.11471900

IDCR1 0.60090100 IDCR1D 0.11261300 IDCRIDMKX 10.0000000

IDCR1DKIN-10.0000000 ZIDCRIAX 1.00000000 IDCR1NIX 0.

IDGI 0.25876800 IDG11C 0. IDGIN1 0.48196400

IDG2 0.20375800 IDG23RR 0. IDG2IC 0.

IDG2M1 0.26601900 IDL2 0.14877000 IDNI 0.52433200

IDKIIC 0. IDR1 0.59921300 IDSK1 0.53570000

IDXI1 0.32302700 IERRI 0.01275110 ImRRI1C 0.

1GG2 566.778000 rITID2 580.484000 IQGI 0.14579700

IQG1IC 0. IQGI1K 0.27155200 IQG2 0.09087750

IQG2ZRR 0. IQG21C 0. IQG2M1 0.11864600

177



IQL2 0.14214100 IQM1-0.38165900 IQM1IC 0.
IQR1 0.24805800 JJG 16505.0000 JJPROP 1.31303+06
JJPS 1.4790E+06 JJPT2 2171.50000 JJSHFT 166000.000

KOORES 0. KOIRES 0.20233901 K02RES-0.05737380
K03RES 0.96980600 K04RES-0.23175100 K05RES 8.65721000
K06RES-5.19908000 b07RES-23.5963000 KO8RES 15.9458000
K09RES 20.3595000 K1ORES-15.1637000 KALARK2 0

KC12 0.50000000 KDFRQ 1.57080000 KGC 32.1740000
KGOV1 0.20000000 KEOLDPI2 1.00000000 KI 307.240000

KIGIM1 1.86253000 KIG2M1 1.30556000 KKWGlM1 0.16762800
KKWG2M1 1.08623000 KPNGG2 0.01017600 KQHP 5252.10000

KRAT2 0.16000000 KRATE2 10.0000000 KSHTDN2 0
KTBL2 0 KTURBO1 0.50000000 KVGI1K 0.09000000

KVG2M1 0.83200000 KVSHIP 0.00754970 KZGIM1 0.04832140
KZG2M1 0.63727300 LDOPLR F LFWD1 T
LHEADR F LHOLD2PI F LNGG2A F

LPWRD2 F LSEA T LT542A F
MAXIT 10.0000000 MFKAC2 0.58200000 MFKFR2 0.17259000

MFKMV2 23.0000000 MFKN2 4.60803-08 MF12 159.400000
2091.30000 13659.6000 N1 892.447000

N2 3599.80000 N21 3600.00000 NERR2 0.20288100
NGB 3600.00000 NGG2B 9827.00000 NGGL2 7650.92000

NMAXI 950.000000 NMIN1 400.000000 NP1PU 0.75199100
NP1PUI 5.3832E-06 NPlRPM 108.827000 NPIRPHI 7.7905E-04

NP2PU 0.75199100 NP2PUI 5.3832E-06 NP2RMPI 7.7905E-04
NP2RPM 108.827000 NPRPMB 144.719000 NPRPSB 2.41200000

NPT2B 3600.00000 NPT2ORD 3600.00000 NPT2ORDI 3600.00000
NPT2R 3600.00000 NPT2RI 3600.00000 NPTL2 3599.76000
NPTQ2 158.058000 NPTQ2I 158.068000 NPTR2 3599.80000

NPTR2I 3600.00000 NREF2 3672.00000 NSETI 900.000000
P1 0.16000000 P2 14.6960000 P2T22 5.50753000

P542 27.0521000 P5421 21.3889000 P54L2 27.0445000
P54LL2 27.4282000 P54Q2 1.86637000 P54Q21 1.47725000
P54R22 27.0809000 P54R221 21.3889000 PAMB 14.6960000

PCNTRL2 0.10144000 PCNTRL2I 0. PCTID2 0.01000000
PHISM1 0.20000000 PNGG2 77.8715000 PUGGR2 77.8715000

PNGGR2I 73.2049000 PS32 98.2213000 PS321 68.0631000
PS3R22 98.2213000 PS3R221 68.0631000 PS3WC2 98.0760000

PWRD2 11.9756000 PWRD2I 0. Qi 0.12000000
Q42 7727.45000 Q4R22 7727.45000 QCAL2 3105.31000

QCAL2I 0. QGB 36520.0000 QH2 70.3605000
QLID2 364.689000 QLID2I 364.730000 QMAP2 566.259000

QMAP2I 0. QMAPL2 563.829000 QP1 615581.000
QP1F 9902.20000 QP1FI 92443.6000 QP1I-0.23332300

QP1PU 0.49680800 QP1PUI-1.8831E-07 QP2 615581.000
QP2F 9902.20000 QP2FI 92443.6000 QP2I-0.23332300

QP2PU 0.49680800 QP2PUI-1.8831E-07 QPBASE 1.2391Z+06
QPSBAF 92466.4000 QPT2 4751.70000 QPT2B 36473.0000

QPT21 364.730000 QPT2PU 0.13011200 QREF2 45000.0000
RDCI 0.02000000 RSIPUO 3.86325000 RSIPU1-3.55514000

RS1PU2 0.36779100 RS1PU3 0.16232200 RSIPU 0.83822800
RS1PUIO 0. RSBPUI1 0. RSIPUI2 0.
RSlPUI3 0. RS1PUI 0. SZAPRQ 1.04720000
SEATIME 29.9900000 SNEGVL2 0. SPDERR1 7.55280000
SPDREF1 0.75000000 SPEEDERR1 0.02448650 SQRTH2 1.00000000
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TOSEA 120.010000 T2 518.700000 T42 2034.67000
T4P2 2040.06000 T4PL2 2015.24000 T4R22 2040.06000
T4U2 317.494000 T512 1494.29000 T51P2 1497.47000

T51PL2 1480.31000 T51Q2 0.99787700 T51R22 1497.47000
T51U2 209.707000 T542 984.969000 TABTR12 0.64804800

TALPHA2(32) 999.900000 Z99976(161 108.000000 Z99977(16) 999.900000
TAMB 59.0000000 TAUBETAR1 0.01000000 TAUEAFG1 0.10000000

TAUEAFG2 0.10000000 TAUEAFM1 0.05000000 TAUGOV1 2.00000000
TAUSPEED1 0.10000000 TC12 3.00000000 TDOPG1 3.79000000

TDOPG2 3.19000000 TDOPM1 2.10000000 TDOPPG1 0.38000000
TDOPPG2 0.04000000 TDOPPM1 0.03900000 TDT542(48) 99999.0000

Z99968(36) 68.3000000 Z99969(12) 99999.0000 TEG1-0.18102100
TEG2-0.11960800 TEG2IC 0. TEM1 0.48552300

TESM2 4368.10000 TESM2I 0. TGLAG2 7.20041000
THDOT22 1.14064000 THET2N 1.00000000 THETA2 1.00000000

THTA2V 1.00000000 TIC2 55.9891000 TIC2LL 13.0000000
TIC2UL 113.500000 TICMD2 55.9891000 TICMD2I 13.0000000
TICN2 0.05593920 TICN2I 0. TICRL2LL-89.0000000

TICRL2UL 22.5000000 TICS2 55.9332000 TICS2I 13.0000000
TMAP(116) 950.000000 Z99997(96) 0.92280000 Z99998(20) 950.000000

TMG1 0.18034100 TMo1-0.49680800 TMI2-0.49680800
TORQ1 0.19478400 TPlPU 0.45199400 TPIPUI 0.
TP2PU 0.45199400 TP2PUI 0. TQOPPG1 0.19000000

TQOPPG2 0.09000000 TQOPPM1 0.19300000 TSEA 10.0000000
TSTOP 150.000000 TURBOLAG1 0.42360600 TUT4H2 0.25599600

TUT51H2 0.10533900 TVSOREF 696.262000 Ul 0.38249300
UlD 0.00397265 UMAxi 0.99000000 UMIN1 0.

VDBIC 0. VDBUS 0.15935100 VDERR 0.
VDG1 0.14476000 VDG2 0.14748700 VDM1-0.31321700
VDR1 0.18415700 VERRG1 0.01474720 VERRG2 0.01355870
VI1-0.56824200 VN2 7.34400000 VNSF2 500.000000
VQ2 9.00000000 VQSIC 1.00000000 VQBUS 0.95886300

VQERR 0. VQG1 0.98466900 VQG2 0.98546600
VQM1 0.49264800 VQR1 0.89894100 VQSF2 5000.00000

VR1 0.58051600 VR2 0.50000000 VRATE2 0.
VRSF2 360.000000 VSlPUO 1.OOOOE-05 VSIPU1O 0.11040400

VS1PU10I 0. VSlPU2 0.64357200 VSlPU2I 0.
VSlPU3 0.51629200 VSlPU3I 0. VSlPU4 0.41418400

VSlPU4I 0. VSlPU5 0.33227100 VSlPU5I 0.
VSlPU6 0.26655700 VS1PU6I 0. VS1PU7 0.21384000

VSlPU71 0. VS1PU8 0.17154900 VS1PU8I 0.
VS1PU9 0.13762100 VS1Pu9I 0. VSlPU 0.80222900

VT12 0.94481100 VTG1 0.99525300 VTG2 0.99644100
VTOP2 0. VTREFG1 1.01000000 VTREFG2 1.01000000

VTRQGS2 0. W42 58.9811000 W4R22 58.9811000
W542 65.9670000 W54R22 65.96'10000 WAVE 12.0000000

WEFSEA 1.04720000 WEsEA-0.00125678 WESEANG 0.12000000
WESMAX 0.12000000 WFAC2 4437.68000 WFSR22 3279.88000
WFUEL2 3360.16000 WFUEL2I 2185.21000 WMGlD-0.06713930

WMG2 376.979000 WMM1D-1.64936000 WO 377.000000
WRN2ORD 1.00000000 WRN2ORDIC 1.00000000 WRNG1 0.99158600

WRNG2 0.99994400 WRNG2IC 1.00000000 WRNM1 0.72551300
WRNM2 0.72551300 XDCl 1.68000000 XDG1 1.63000000
XDG2 1.77000000 XDMI 1.76000000 XDMXQN1 0.60300000

XDPG1 0.25000000 XDPG2 0.18000000 XDPM1 0.60800000
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XDPPG1 0.18000000 XDPPG2 0.15000000 XDPPM1 0.54200000

XG1 0.10000000 XG2 0.10000000 XK3L2 2.20000000
XL1 0.10000000 XLG1 0.07500000 XLG2 0.13000000

XLM1 0.33700000 X13V2 0.41353400 XQG1 1.01000000

XQG2 1.64000000 XQM1 1.15700000 XQPPG1 0.28000000

XQPPG2 0.15000000 XQPPM1 0.49400000 XVSOREF 207.220000

Z99887 0.26599300 Z99888-1.16592000 Z99889 0.26602600

Z99890 0.26599300 Z99891 0.26603100 Z99893 1
Z99894 0.11864600 599895-1.15651000 Z99896 0.11871800
Z99897 0.11858400 Z99898 0.11864500 Z99900 1
Z99901 0.95886300 Z99902-0.69422000 Z99903 0.95875600

Z99904 0.95901600 Z99905 0.95879200 Z99907 1
Z99908 0.15933500 Z99909-0.95042100 Z99910 0.15935500
Z99911 0.15933500 Z99912 0.15933900 Z99914 1

Z99945 7.19953000 Z99946 7.20041000 Z99949 0.6210610b

Z99950 0.64804800 Z99960 47 Z99961 40
Z99962 49.6193000 Z99970 21 199971 55.9332000

Z99974 18 Z99975 13.0000000 Z99982 115

Z99983 99 199984 0.19478400 ZZSZZD 55555555
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DJ Two Mode Speed Control in Moderate Seas

Systm 2a: Steady state in moderate seas (spderfl - 0.75)

T 180.000000 3ZTZCG 0. CINT 0.10000000
EZIERK F ZIUBLK 1 ZICOCE 0
3ZSTFL T S3FRFJL F EZJcYL F
3zrUmL F 3zzIFL F ZENIST 40
3ZNAST 0 IALG 1 NSTP 10

MAXT 0.10000000 MINT 1.0000Z-08

State Variables Derivatives initial conditions
EDPPGI 0.20525400 Z99995-0.00661310 EDPPG11C 0.
IDPPG2 0.14911100 399992-0.00447765 ZDPPG21C 0.
ZDPPN1-0.17283700 399930 0.00222434 EDPPM11C 0.
EMPTL1 7.20019000 Z99942-8.34469-05 MUP'rL1l 7.20000000

EQPG1 1.02884000 399994 0.00177130 EQPG11C 1.00000000
EQPG2 1.04152000 Z99991 0.00157604 EQPG21C 1.00000000
ZQPN1 1.31350000 Z99929-0.00192130 zQPNKIC 1.00000000

EQPPG1 1.01869000 Z99996 0.00174403 ZQPPG1Ic 1.00000000
KQPPG2 1.02238000 Z99993 0.00102810 EQPPG21C 1.00000000
EQPPN1 1.28998000 Z99931-0.00164469 EQPPN1IC 1.00000000

IDCl 0.40073400 Z99922-0.00367904 IDCliC 0.
NGG1 7847.97000 Z99965-10.1730000 NGG1I 7193.84000
EPTl 3600.09000 Z99978 0.11062300 NPT•1 3600.00000

TUNHI 40970.7000 Z99927 258.282000 TUNmlIC 0.
TXICLI 61.6146000 z99959-0.37452700 TICRL1I 13.0000000
WNG2 373.630000 399979 0.02981520 WnG21C 377.000000
uMIl 258.282000 399928-9.36900000 WIUOl1C 0.

399915 0.12000000 399914 1.8626Z-08 299913 0.
S99917 0.74532100 399916 0.00115009 VS1PUI 0.
399919 0.41686300 399918-0.00461753 IDCR1IC 0.
399924 0.48404500 399923-0.01696650 UlIC 0.99000000
Z99926 1.71990000 399925 0.02384190 ZAYrmIC 1.00000000
399933 0.45454600 399932-0.00268820 XIVIX 0.31609000
399935 7848.38000 Z99934-10.2417000 NGGLIX 7193.84000
Z99937 114.967000 399936-0.90255700 PS3WClI 68.0631000
Z99939-0.00134410 Z99938 1.1565Z-05 EHiFB1i 0.
399941 61.6686000 399940-0.34679800 ALPHA1I 40.9791000
Z99944-345.150000 Z99943 0.00378426 TGLAG1I-345.140000
Z99948-1.32032000 399947 0.03114100 TASTRII 0.
Z99952 991.809000 Z99951-23.0062000 QOmA]PI o.
Z99954 3600.10000 Z99953-0.00678168 WPTL1I 3600.00000
399956 30.1020000 399955-0.13716900 P54LL11 21.7097000
799958 29.6517000 399957-0.14032600 P54L11 21.3889000
399964 1504.69000 399963-0.47482500 T51PL1I 1416.04000
399967 2077.06000 Z99966-1.65186000 T4PL11 1875.14000
399973 0.01920150 399972-0.01566570 Nul!RR1 0.
Z:9981 0.25330300 399980-0.00837202 THECH21C 0.
399986 1.00001000 S99985 0. FUU,21C 0.

399988 1.42467000 399987 0.02460360 ZAFG2IC 1.00000000
399990 1.57249000 Z99989 0.00110030 ZAFGIXC 1.00000000
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Algebraic variables

mmon Block /ZSCOmU/
AFL1 0.17869200 APRL1 0.17527800 ALPH•l 61.6686000

ALPRA1LL 13.0000000 ALPHA1UL 120.000000 ALPHAG1 54.0000000
ALPHAG2 20.7143000 ALPHAN1 18.4545000 ARLGlI 0.31609000

BASZWG1 16200.0000 BASBEKG2 2500.00000 BASBEwN1 14914.0000
BASENG1 3600.00000 BASENG2 900.000000 BASZEMl 150.000000
BASEQN1 949455.000 BASBEG1 4160.00000 BASEvG2 450.000000
BABEZVJ1 5000.00000 BETAZl 2.20000000 BETAI1 2.20000000

BETAKINi1 1.57080000 BETAR1 1.06553000 CQLID1 2.8143E-05
CYL2 8.00000000 DELAY2 0.44939600 DELGI 0.22915800

DZLG2 0.20836500 DELI1-0.31413500 DEM1-0.26819800
DELR1 0.29093500 DELTA2 1.00000000 DELV 1.OOOOE-04

DELVTQ1 0. DELWF1-22.5276000 DELWFll 0.
DFL1-0.75799800 DFRL1-0.16990200 DN1 0.11062300

DNGG1 7845.95000 DNPTI 0.11062300 DNURFi 180.000000
DQ4S1 5.41969000 DQHR21-24.1863000 DQPTRl 7996.48000

DRLLGIZ 0.31609000 DRPMDT1-6.2752E-05 DT49SI 1.20182000
DT51HS1 0.71695700 DZ1 0.05000000 Boll 0.

E211-0.00507713 E221-0.30462800 E231-0.10154300
E51 7.91686000 E61 0. E7i 0.14398800
Eel 0. E91 0.74022600 JAFERRN1 1.1921E-05

FAFPG1 1.57249000 BAiGID 0.00110030 EAFG2 1.42467000
EAFG2D 0.02460360 HAI(1 1.71990000 EAF•iD 0.02384190

EAFMKIlX 3.00000000 EAFN1Ims 0. EAFRAZG1 3.00000000
EAFMAXG2 3.00000000 AFRIMNG1 0. EAJKING2 0.

EAFSK1 1.71991000 EDPPG1D-0.00661310 EDPPG2D-0.00447765
EDPPM1D 0.00222434 Eli 0.75219300 EISK1 1.00000000

EWFB1-0.00134410 ENlSAT1-1.1638E-04 EiGl-1..1638E-04
NPT11 7.20019000 MPTI• I 7.20000000 SPN1 1.50449000

EQPG1D 0.00177130 EQPG2D 0.00157604 EQPKID-0.00192130
EQPPG1D 0.00174403 EQPPG2D 0.00102810 EQPPN1D-0.00164469

ER1 0.92450600 ERBOUND 1.0000E-04 ERX1-1.1638E-04
FARGO 0 FARGI 1 FARG2 2
FARG3 3 FARGSO 0 FARGSl 1

FARG82 2 FARGS3 3 FUEL2 0.30261300
FUEL2XAX 1.00000000 FUZL2xIN 0. FUELAG2 0.05044990

Gll 0.22000000 G31 0.50000000 G51 0.50000000
GBETAR1 30.0000000 GRAF1 100.000000 GEA•FG2 100.000000
GEAF•i 100.000000 GLARGE1 50.0000000 GH1 1.50000000

GSHALL1 5.00000000 GSPZED1 5.00000000 EG1 0.92400000
HG2 1.91000000 HUPS 0.51678100 SM1 1.28978000
DP1 5229.24000 RPIB 25000.0000 HP1D 5229.24000

HPIl 0. HPlORD 0. BP1ORDI 0.
HPTiORD 5229.24000 ZAJXQN1 0.51124700 IAMI 0.44187300
ICLIK1 70.0000000 XCNTRL1 0.01920150 ZCNTRLIZ 0.

IDIGR 1.00000000 IDDN1 0. IDC1D-0.00367904
IDCBG2 0.49866500 IDCOK1 0.41686300 IDCR1 0.41686300
IDCRlD-0.00461753 IDCRIDMAX 5.00000000 IDCRDKIMN-5.00000000

IDCR•IMAX 0.80000000 IDCRIMIN 0. IDGI 0.33603800
ZDG1IC 0. IDGiN1 0.43871900 XDG2 0.26773500

IDG2ZRR 0. IDG21C 0. IDG2N1 0.49866500
ID11 0.35725200 IDL2 0.16406800 IDN1 0.35725200

IDMlc 0. IDRI 0.38665800 IDXD1 0.21542300
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IERRI 0.01612920 IERR1IC 0. IGG1 566.778000

ZITIDI 580.484000 IQBMI 0. "QCBG2 0.37827200

1QG1 0.13735500 IQGlIC 0. ZQGl1K 0.17932500

1QG2 0.20309600 IQG2ZRR 0. IQG21C 0.

IQG2K1 0.37827200 IQ11-0.2 6 0 0 4 3 0 0  IQL2 0.12982400

IQM1-0. 2 6 0 0 4 3 0 0  IQI11C 0. IQR1 0.21388600

JJG 16505.0000 JJPROP 1.31303+06 JJPS 1.47901+06

JJPT1 2171.50000 JJSBFT 166000.000 KOORES 0.

KOiRES 0.20233900 K02RES-0.05737380 R03RES 0.96980600

K04RES-0.23175100 KOSRES 8.65721000 K06RES-5.199080
0 0

K07RES-23.59 6 30 0 0  KOSRES 15.9458000 K09RES 20.3595000

K1ORES-15.16370
0 0  KALARM1 0 KBRAKE 1.00000000

KC1l 0.50000000 KDFRQ 1.57080000 KC 32.1740000

KGOV2 0.20000000 KBOLDPI1 1.00000000 KI 307.240000

KIGIM1 1.30556000 KIG2K1 1.86253000 KIR 2.00000000

KKWGI1 1.08623000 KKWG2M1 0.16762800 KPNGG1 0.01017600

KQHP 5252.10000 KRAT1 0.16000000 KRATE1 10.0000000

KSHTDN1 0 KTBL1 0 KTURDO2 0.50000000

KVGK1M 0.83200000 KVG2M1 0.09000000 KVSHIP 0.00754970

KZGIi 0.63727300 KZG2M1 0.04832140 LBRAKE F

LCBG2 T LDOPLR F LFWD1 T

LHEADR F LHOLDIPI F LNGG1A F

LPWRD1 F LSEA T LT541A F

NAXIT 10.0000000 MFKAC1 0.58200000 MFKFR1 0.17259000

MFKKV1 23.0000000 JFKN1 4.6080E-08 MIW1 159.400000

2091.30000 13659.6000 N1 3600.09000

vII 3600.00000 32 891.974000 NERR1-0.09399410

NGB 3600.00000 NGGI0 9827.00000 KGGLI 7848.38000

0=AX2 950.000000 N3IN2 400.000000 NPiPU 0.71010000

NP1PUI 5.38323-06 NPIRPM 102.765000 NP1RPKI 7.7905Z-04

NP2PU 0.71010000 NP2PUI 5.3832E-06 NP2RMPI 7.79053-04

NP2RPM 102.765000 NPRPMB 144.719000 NPRPSB 2.41200000

UPTIB 3600.00000 NPT1ORD 3600.00000 NPTIORDI 3600.00000

NPTIR 3600.00000 NPT1RI 3600.00000 NPTL1 3600.10000

NPTQ1 158.072000 NMPTQI 158.068000 NPTR1 3600.09000

NPTR1I 3600.00000 3F11 3672.00000 NSET2 900.000000

P1 0.16000000 P2 14.6960000 P2T21 5.50753000

P541 29.6497000 P541I 21.3889000 P54L1 29.6517000

PS4LL1 30.1020000 P54Q1 2.04831000 P54Q1I 1.47725000

P54R21 29.6427000 P54R21I 21.3889000 PAMB 14.6960000

PcmTRL1-0.04699710 PCNTRLII 0. PCTID1 0.01000000

PHIPM1 2.20000000 PHISM1 0.20000000 PNGG1 79.8613000

PNGGR1 79.8613000 PNGGRII 73.2049000 PS31 114.931000

PS311 68.0631000 PS3R21 114.931000 PS3R211 68.0631000

PS3WC1 114.967000 PWRD1 20.9170000 PWRDI1 0.

Qi 0.12000000 Q41 9340.74000 Q4R21 9340.74000

QcAL1 5462.42000 QCALII 0. QGB 36520.0000

QH1-18.7 6 6 6 0 0 0  QLID1 364.749000 QLID1I 364.730000

QMAP1 991.119000 QNAPII 0. QNAPL1 991.809000

QP1 566062.000 QP1F 9341.38000 QPlFI 92443.6000

QP11-0.2 3 3 3 2 3 0 0  QP1PU 0.45684400 QP1PUI-1.88313-07

QP2 566062.000 • QP2F 9341.38000 QP2FI 92443.6000

QP21-0. 2 3 3 3 2 3 0 0  QP2PU 0.45684400 QP2PUI-1.8831E-07

QPBASE 1.2391E+06 QPSBAF 92466.4000 QpT1 8000.30000

OPTIB 36473.0000 QPTII 364.730000 QPTIPU 0.21906600
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QRzF1 45000.0000 RDc1 0.02000000 RS1PUO 2.18094000

RsIPUl-1.93377000 Rs1PU2 0.29911900 RSlPU3 0.15098000

RS1PU 0.69726700 Rs1PUIO 0. RSIPUI1 0.

RSlPUI2 0. RS1PU13 0. RSlPUI 0.

SZAFRQ 1.04720000 SEATIME 29.9909000 SNEGVL1 0.

SPDNRRIIC 0. SPDERR2 8.02618000 SPDRNF1 0.75000000

SPEEDERRi 0.06490250 SQRTh2 1.00000000 SWITCHvAR1 0.09821500

TOSEA 150.009000 T2 518.700000 T41 2072.52000

T4P1 2071.32000 T4PL1 2077.06000 T4R21 2071.32000

T4U1-82.5601 0 0 0  T511 1501.41000 T51P1 1500.69000

T51PL1 1504.69000 T51Q1 1.00048000 T51R21 1500.69000

T51U1-55.0832 0 0 0  T541 989.915000 TABTR11 1.08314000

ALPHA1(32) 999.900000 Z99976(16) 108.000000 Z99977(16) 999.900000

TAMB 59.0000000 TAUBETAR1 0.01000000 TAUEAFG1 0.10000000

TAUEAIG2 0.10000000 TAUEAMI( 0.05000000 TAUFAST1 0.10000000

TAUGOV2 2.00000000 TAUSLOW1 20.0000000 TAUSPEED1 20.0000000

TC11 3.00000000 TDOPG1 3.19000000 TDOPG2 3.79000000

TDOPH1 2.10000000 TDOPPG1 0.04000000 TDOPPG2 0.38000000

TDOPPM1 0.03900000 TDT541(48) 99999.0000 Z99968(36) 68.3000000

Z99969(12) 99999.0000 TEG1-0.2088940 0  TEGIIC 0.

TEG2-0.25 3 00 100 TEM1 0.39273800 TESMi 7628.82000

TESMII 0. TGLAG1 7.20001000 THDOT21-0.336 7 5 1 0 0

THET2N 1.00000000 THETA2 1.00000000 THRESHOLDI 0.10000000

THTA2V 1.00000000 TICM 61.5772000 TICILL 13.0000000

TIClUL 113.500000 TICMD1 61.5772000 TICMDII 13.0000000

TICN1-0.02779 5 6 0 TICKI1 0. TICRL1LL-89.0000000

TICRLIUL 22.5000000 TICS1 61.6050000 TICS1I 13.0000000

TMAP(116) 950.000000 Z99997(96) 0.92280000 Z99998(20) 950.000000

TNG2 0.25330300 TMM1-0.4568 4 4 0 0  TMM2-0. 4 56 8 4 4 0 0

TORQ2 0.24954100 TP1PU 0.42480100 TPIPUI 0.

TP2PU 0.42480100 TP2PUI 0. TQOPPG1 0.09000000

TQOPPG2 0.19000000 TQOPPM1 0.19300000 TSEA 10.0000000

TSTOP 180.000000 TURBOLAG2 0.39894600 TUT4H1 0.28745200

TUT51H1 0.11889900 TVSOREF 696.262000 Ul 0.48404500

U1D-0.01696 6 5 0 UMAXI 0.99000000 UMIN1 0.

VDBIC 0. VDBUS 0.24380400 VDCBG2 0.24380400

VDERR 0. VDG1 0.22585700 VDG2 0.20597700

VDI1-0.232 4 2 3 0 0  VDN1-0.20641900 VDR1 0.26519300

VERRGI 0.01572600 VERRG2 0.01427130 V11-0.73216500

VN1 7.34400000 VNSF1 500.000000 VQ1 9.00000000

VQBIC 1.00000000 VQBUS 0.92432100 VQCBG2 0.92432100

VQERR 0. VQG1 0.96828200 VQG2 0.97419100

VQI1 0.71538400 VQM1 0.75110900 VQR1 0.88565500

VQSF1 5000.00000 VR1 0.74016300 VRATE1 0.

VRSF1 360.000000 VS1PUO 1.OOOOE-05 VS1PU1O 0.05350520

VS1PU1OI 0. VSlPU2 0.55677400 VSlPU2I 0.

VS1PU3 0.41545000 VSlPU31 0. VSlPU4 0.30999800

VSlPU4I 0. VSlPU5 0.23131200 VSlPU51 0.

VS1PU6 0.17259900 VSlPU6I 0. VS1PU7 0.12878900

VSlPU71 0. VS1PU8 0.09609860 VS1PU8I 0.

VS1PU9 0.07170620 VB1PU9I 0. VSlPU 0.74617300

VT12 0.91380900 VTG1 0.99427400 VTG2 0.99572900

VTM1 0.77895700 VTOP1 0. VTREFG1 1.01000000

VTRZFG2 1.01000000 VTRQGS1 0. W41 68.6958000

W4R21 68.6958000 W541 76.8291000 W54R21 76.8291000
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WAVE 12.0000000 WEFS-, 1.04720000 WESKA-0.00114269
WESEANG 0.12000000 WESMAX 0.12000000 WFAC1 5318.92000

WFSR21 3935.28000 WFUELl 3912.75000 WFUZL1I 2185.21000
WMG1 377.010000 WNG2D 0.02981520 WOElD-9.36900000

WO 377.000000 WNIIORD 1.00000000 WRN1ORDIC 1.00000000
WRNG1 1.00003000 WRNGlIC 1.00000000 WRNG2 0.99106000
WlRNN1 0.68509700 WRNM2 0.68509700 XDC1 1.68000000

XDG1 1.77000000 XDG2 1.63000000 XDM1 1.76000000
XDMXQM1 0.60300000 XDPG1 0.18000000 XDPG2 0.25000000

XDPM1 0.60800000 XDPPG1 0.15000000 XDPPG2 0.18000000
XDPPM1 0.54200000 XG1 0.10000000 XG2 0.10000000

XK3L1 2.20000000 XL1 0.10000000 XLG1 0.13000000
XLG2 0.07500000 XLII1 0.33700000 XMi 0.10000000
XXVl 0.45320200 XQG1 1.64000000 XQG2 1.01000000
XQM1 1.15700000 XQPPG1 0.15000000 XQPPG2 0.28000000

XQPPM1 0.49400000 XVSOREF 207.220000 299885 0.49851500
Z99886-0.95693800 Z99887 0.49866900 Z99888 0.49861500
Z99889 0.49870700 Z99891 1 Z99892 C.37827200
Z99893-1.50512000 399894 0.37824500 399895 0.37828900
Z99896 0.37827100 :99898 1 Z99899 0.92432100
Z99900-1.14700000 399901 0.92426400 399902 0.92437000
Z99903 0.92441000 399905 1 399906 0.24380400
Z99907-0.85880200 399908 0.24377200 399909 0.24384300

Z99910 0.24378900 Z99912 1 Z99920 0.09821500
599921 0.09821500 399945 7.20019000 399946 7.20001000
599949 1.09248000 Z99950 1.08314000 Z99960 47
Z99961 40 Z99962 51.7956000 Z99970 22
Z99971 61.6050000 Z99974 18 Z99975 13.0000000
Z99982 115 Z99983 100 Z99984 0.24954100
ZZSEED 55555555
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D.4 Speed Change from 0.4 to 0.8 pu in Moderate Seas
Tvo mode control: Steady at 0.8 pu speed setting

T 300.000000 ZZTICG 0. CINT 0.10000000

ZZIERR F ZZNILK 1 ZZICON 0
ZZSTFL T ZZFRFL F ZZICFL F
ZZRNFL F ZZJEFL F ZZNIST 40

ZZNAST 0 IALG 1 NSTP 10
MAXT 0.10000000 MINT 1.00001-08

State Variables Derivatives Initial Conditions
EDPPG1 0.15365800 z99995-4.07193-04 EDPPG1IC 0.
EDPPG2 0.19660600 Z99992-3.78149-05 EDPPG2IC 0.
EDPPN1-0.23521400 S99930-0.00230476 EDPPM1IC 0.
ENPTL2 6.99170000 Z99942 0.35232300 EMPTL2I 7.20000000

EQPG1 1.08258000 Z99994 0.00108399 ZQPG1IC 1.00000000
EQPG2 1.03287000 Z99991 3.23631-04 ZQPG2IC 1.00000000
EQPN1 0.99515600 Z99929-1.23115-04 1QPK1IC 1.00000000

ZQPPG1 1.05074000 z99996 9.73171-04 EQPPG1IC 1.00000000
EQPPG2 1.02243000 399993 3.89603-04 EQPPG2IC 1.00000000
ZQPPN1 0.96294500 Z99931-4.64491-04 ZQPPH1IC 1.00000000

IDC1 0.54774900 Z99922 0.00570955 IDC1IC 0.
NGG2 8216.29000 Z99965 382.732000 NGG21 7193.84000
NPT2 3529.24000 Z99978 201.170000 NPT2I 3600.00000

THMID 57118.8000 Z99927 250.926000 THmhlIC 0.
TICRL2 87.8896000 Z99959 22.5000000 TICRL2I 13.0000000

WMG1 373.443000 Z99979-0.01753260 WMGIIC 377.000000
MM1 250.926000 Z99928-2.01182000 WM1I1C 0.

Z99915 0.10000000 Z99914 0. Z99913 0.
Z99917 0.76386400 Z99916 0.00223154 VS1PUI 0.
Z99919 0.55967800 Z99918 0.00561967 IDCR1IC 0.
Z99924 0.35788100 Z99923-0.00278652 UlIC 0.99000000
Z99926 1.55712000 Z99925 0.03337860 KAFMIIC 1.00000000
Z99933 0.57391300 Z99932 0.13427600 XKV2I 0.31609000
Z99935 8198.32000 Z99934 449.145000 NGGL2I 7193.84000
Z99937 162.229000 Z99936 22.8199000 PS3WC2I 68.0631000
Z99939 0.06713800 Z99938-0.28698200 ZirTB2I 0.
Z99941 75.9345000 Z99940-1.73049000 ALP.A2I 40.9791000
Z99944-335.043000 Z99943-16.7590000 TGLAG21-345.140000
Z99948-2.73680000 Z99947-2.96528000 TABTR2I 0.
Z99952 2743.50000 Z99951 1907.28000 QKAPL2I 0.
Z99954 3502.90000 Z99953 182.916000 NPL21 3600.00000
399956 39.0481000 Z99955 8.04158000 P54LL21 21.7097000
Z99958 38.7879000 399957 4.29971000 P54L21 21.3889000
Z99964 1543.17000 Z99963 39.1185000 T51PL21 1416.04000
Z99967 2136.85000 399966 132.485000 T4PL21 1875.14000
Z99973-4.04560000 Z99972 11.7939000 UMRR2I 0.
Z99981 0.29941200 Z99980 0.00123416 TMECHIIC 0.
Z99986 1.00001000 Z99985 0. FUELlIC 0.
Z99988 1.58731000 Z99987-0.01324530 ZAFG2IC 1.00000000
399990 1.71432000 Z99989 0.00866652 AJFG1IC 1.00000000
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Algebraic Variables

mon Block /ZZCOKU/
AFL2 0.04393850 AFIL2 O.C3831400 ALPHA2 75.9345000

ALPRA2LL 13.0000000 ALPHA2UL 120.000000 ALPHAGI 20.7143000

ALPHAG2 54.0000000 ALPSAM1 18.4545000 ARLLG21 0.31609000

BMSEKlG1 2500.00000 sAszKMG2 16200.0000 BaASZWMI 14914.0000

BASENG1 900.000000 BASSMG2 3600.00000 BASINI 150.000000

BASEQN1 949455.000 ABrV'G1 450.000000 BASBEG2 4160.00000

BAsIYlr 5000.00000 BETAll 2.20000000 B3TAR1 1.20480000
CQLID2 2.81432-05 CYLl 8.00000000 DILAYl 0.43526500

DELG1 0.21576700 DWLG2 0.21943000 DEL11-0.53177800

DILR1 0.28582900 DELTA2 1.00000000 Dzrv 1.00003-04

DrLVTQ2 0. D-LWF2 1265.03000 DrLWF2I 0.

DFL2-0.89275100 DFRL2-0.30686600 DN2 201.170000

DNGG2 8295.80000 DNPT2 201.170000 DNRII2 180.000000
DQ4S2-438.265000 DQHR22 1144.31000 DQPTR2 20521.3000

DRLLG21 0.31609000 DRPMDT2 0.26494700 DT4HS2-75.8623000

DT51HS2-46.5702000 DZ1 0.05000000 Z021 0.
Z212 1.12458000 3222 2.20000000 E232 0.05500000

Z52 5.08843000 Z62-0.44946800 172-0.44946800

E82 0. 192 0.23505300 EAFERRMl 1.66893-05

IAFG1 1.71432000 KAFG1D 0.00866652 EAFG2 1.58731000

AP•G2D-0.01324530 EAPNi 1.55712000 KARMiD 0.03337860

APml1ixX 4.00000000 EAP1J41IN 0. IAYKAXG1 3.00000000

AFA•AXG2 3.00000000 IAPHIING1 0. KAFKING2 0.
ZAFSM1 1.55714000 EDPPG1D-4.07193-04 EDPPG2D-3.7814Z-05

EDPPX1D-0.00230476 Ell 0.53922700 E1S11 1.00000000
EI1FB2 0.06713800 zFmSAT2-0.00663938 ENGG2-0.00663938

ZNPT2 7.00579000 EN T21 7.20000000 1PM1 1.25627000

IQPG1D 0.00108399 zQPG2D 3.23631-04 IQPXID-1.23119-04
IQPPG1D 9.73171-04 zQPPG2D 3.89601-04 EQPPN1D-4.64491-04

ZRI 0.90525800 zRRBOUND 1.00001-04 ZRX2-0.00663938

FARGO 0 FARG1 1 FARG2 2

FARG3 3 FARGSO 0 FARGSl 1

FARGS2 2 FARG0S3 3 FUZI 0.34729300

FUIZ•IMAX 1.00000000 FUILxIlN 0. FULAG1 0.05047520
G12 0.22000000 G32 0.50000000 G52 0.50000000

GBITAR1 30.0000000 GIAIGI 100.000000 GIAFG2 100.000000
GIAFN1 100.000000 GLARGE1 50.0000000 GSXALL1 5.00000000

GSPZID1 5.00000000 HG1 1.91000000 HG2 0.92400000

331S 0.51678100 331 1.28978000 3P2 4987.44000
3P2B 25000.0000 UP2D 4987.44000 3121 0.

HP2ORD 0. HP2ORDI 0. RPT2ORD 4987.44000

IAJXQM1 0.58726000 ILI3M2 70.0000000 zCNTRL2-4.04560000

ICNTRL21 0. ID2GR 1.00000000 IDC1D 0.00570955
IDCR1 0.55967800 IDCR1D 0.00561967 IDcR1DIAX 10.0000000

IDCRIDNIN-10.0000000 IDCR1KAX 1.00000000 IDCRllN 0.
IDG1 0.44952600 IDG1IC 0. IDGIN1 0.83725600

IDG2 0.34753600 IDG2IRR 0. IDG21C 0.

IDG2M1 0.45373000 IDL2 0.16303200 IDN1 0.48831600

IDX11C 0. IDR1 0.56397700 IDSM1 0.49895000

IDxXI 0.30086700 ZlRRI 0.01192840 IZIR1IC 0.

1GG2 566.778000 IITID2 580.484000 IQG1 0.21038400

1QG1IC 0. IQG1K1 0.39184600 IQG2 0.13194800
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IQG2ERR 0. IQG21C 0. IQG2N1 0.17226600
IQL2 0.13180700 IQK1-0.35544300 IQ1IlC 0.
IQR1 0.21615300 JJG 16505.0000 JJPROP 1.3130E+06
JJPS 1.4790Z+06 JJPT2 2171.50000 JJSHFT 166000.000

KOORES 0. K01RES 0.20233900 K02RES-0.05737380
K03RES 0.96980600 K04RES-0.23175100 KOSRES 8.65721000
K06RES-5.19908000 K07RES-23.5963000 KOSRES 15.9458000
K09RES 20.3595000 K1ORES-15.1637000 KALARM2 0

KC12 0.50000000 KDFRQ 1.57080000 KGC 32.1740000
KGOV1 0.20000000 KHOLDPI2 1.00000000 KI 307.240000

KIGl1N 1.86253000 KIG2M1 1.30556000 KIR 2.00000000
KKWG11 0.16762800 KKWG2K1 1.08623000 KPNGG2 0.01017600

KQHP 5252.10000 KRAT2 0.16000000 KRATE2 10.0000000
KSRTDN2 0 KTBL2 0 KTURBO1 0.50000000

KVG1M1 0.09000000 KVG2M1 0.83200000 KVSHIP 0.00754970
KZG1M1 0.04832140 KZG2K1 0.63727300 LDOPLR F

LFWD1 T LHEADR F LHOLD2PI F
LNGG2A F LPWRD2 F LSEA T
LT542A F MAXIT 10.0000000 MFKAC2 0.58200000
MDKFR2 0.17259000 MFKMV2 23.0000000 MFKN2 4.60801-08

)(FW2 159.400000 2091.30000 13659.6000
N1 891.527000 N2 3529.24000 N21 3600.00000

NERR2 70.7634000 NGB 3600.00000 NGG2B 9827.00000
NGGL2 8198.32000 NXAX1 950.000000 N3IN1 400.000000
NP1PU 0.68987600 NP1PUI 5.3832E-06 NP1RPM 99.8379000

NPIRPMI 7.7905E-04 NP2PU 0.68987600 NP2PUI 5.3832E-06
NP2RMPI 7.7905E-04 NP2RPM 99.8379000 NPRPMB 144.719000

NPRPSB 2.41200000 NPT2B 3600.00000 NPT2ORD 3600.00000

NPT2ORDI 3600.00000 NPT2R 3600.00000 NPT2RI 3600.00000
NPTL2 3502.90000 NPTQ2 153.805000 NPTQ2I 158.068000
NPTR2 3529.24000 NPTR21 3600.00000 NREF2 3672.00000
NSET1 900.000000 P1 0.16000000 P2 14.6960000
P2T22 5.50753000 P542 38.8481000 P5421 21.3889000
P54L2 38.7879000 P54LL2 39.0481000 P54Q2 2.65705000

P54Q21 1.47725000 P54R22 39.3498000 P54R221 21.3889000
PAlB 14.6960000 PCNTRL2 35.3817000 PCNTRL2I 0.

PCTID2 0.01000000 PHIM1 0.40981400 PHISM1 0.20000000
PNGG2 83.6093000 PNGGR2 83.6093000 PNGGR21 73.2049000

PS32 163.142000 PS321 68.0631000 PS3R22 163.142000
PS3R221 68.0631000 PS3WC2 162.229000 PWRD2 19.9498000

PWRD2I 0. Q1 0.12000000 Q42 14734.0000
Q4R22 14734.0000 QCAL2 15109.9000 QCAL2I 0.

QGB 36520.0000 QH2 706.041000 QLID2 350.532000
QLID2I 364.730000 QMAP2 2800.72000 QMAP2I 0.
QMAPL2 2743.50000 QP1 573151.000 QPIF 9070.12000

QPIFI 92443.6000 QP1i-0.23332300 QPIPU 0.46256500
QPIPUI-1.8831E-07 QP2 573151.000 QP2F 9070.12000

QP2FI 92443.6000 QP2I-0.23332300 QP2PU 0.46256500
QP2PUI-1.8831E-07 QPBA8E 1.2391E+06 QPSBAF 92466.4000

QPT2 20001.4000 QPT2B 36473.0000 QPT2I 364.730000
QPT2PU 0.54768400 QREF2 45000.0000 RDC1 0.02000000
RSlPUO 1.27270000 RS1PU1-1.06190000 RSlPU2 0.24612500
RSlPU3 0.14109200 RSlPU 0.59801000 RSlPUIO 0.

RS1PUI1 0. RSIPUI2 0. RSlPUI3 0.
RSlPUI 0. SEAFRQ 1.04720000 SEATIME 259.990000
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SNEGVL2-0.22473400 SPDERR1 8.47296000 SPDERR1IC 0.
SPDREF1 0.80000000 SPEEDERRI 0.13441400 SQRTU2 1.00000000

SWITCHVAR1 0.08485850 TOSKA 40.0100000 T2 518.700000
T42 2474.55000 T4P2 2550.41000 T4PL2 2136.85000

T4R22 2550.41000 T4U2 6621.59000 T512 1791.63000
T51P2 1838.20000 T51PL2 1543.17000 T51Q2 0.97466500

T51R22 1838.20000 T51U2 4538.03000 T542 1276.47000
TABTR12 3.91157000 TALPHA2(32) 999.900000 Z99976(16) 108.000000

Z99977(16) 999.900000 TAIB 59.0000000 TAUBETARI 0.01000000
TAUEAFG1 0.10000000 TAUEAFG2 0.10000000 TAUKAFM1 0.05000000
TAUFAST1 0.10000000 TAUGOVi 2.00000000 TAUSLOWi 20.0000000

TAUSPEED1 20.0000000 TC12 3.00000000 TDOPG1 3.79000000
TDOPG2 3.19000000 TDOPN1 2.10000000 TDOPPG1 0.38000000

TDOPPG2 0.04000000 TDOPPM1 0.03900000 TDT542(48) 99999.0000
Z99968(36) 68.3000000 Z99969(12) 99999.0000 TEG1-0.29958900

TEG2-0.20323500 TEG21C 0. TEl1 0.44879900
TESM2 7422.15000 TESM2I 0. TGLAG2 7.79347000

THDOT22-1.68035000 THET2N 1.00000000 THETA2 1.00000000
THRESHOLD1 0.10000000 THTA2V 1.00000000 TIC2 92.4025000

TIC2LL 13.0000000 TIC2UL 113.500000 TICND2 92.4025000
TICMD2I 13.0000000 TICN2 31.3361000 TICN2I 0.

TICRL2LL-89.0000000 TICRL2UL 22.5000000 TICS2 61.0665000
TICS2I 13.0000000 TXAP(116) 950.000000 Z99997(96) 0.92280000

Z99998(20) 950.000000 TMG1 0.29941200 TMo1-0.46256500
TM32-0.46256500 TORQ1 0.29994900 TP1PU 0.44679500

TP1PUI 0. TP2PU 0.44679500 TP2PUI 0.
TQOPPG1 0.19000000 TQOPPG2 0.09000000 TQOPPK1 0.19300000

TSEA 6.00000000 TSTOP 300.000000 TURBOLAGI 0.38478900
TUT4H2 0.32034900 TUT51H2 0.13259400 TVSOREF 696.262000

Ul 0.35788100 UID-0.00278652 UMAXi 0.99000000
UNIN1 0. VDBIC 0. VDBUS 0.23362500
VDERR 0. VDG1 0.21256500 VDG2 0.21639800

VDM1-0.27342400 VDR1 0.25524000 VERRG1 0.01715190
VERRG2 0.01585990 VI1-0.52486900 VN2 7.34400000

VNSF2 500.000000 VQ2 9.00000000 VQBIC 1.00000000
VQBUS 0.92492800 VQERR 0. VQG1 0.96982600

VQG2 0.97030200 VQM1 0.46476400 VQR1 0.86853000
VQSF2 5000.00000 VR1 0.53585000 VR2 0.50000000

VRATE2 0. VRSF2 360.000000 VSlPUO 1.OOOOE-05
VS1PUlO 0.02717780 VS1PU1OI 1ý. VSlPU2 0.48623100
VSlPU2I 0. VSlPU3 0.33905000 VSlPU3I 0.

VSlPU4 0.23642100 VSlPU4I 0. VSlPU5 0.16485700
VS1PU5I 0. VS1PU6 0.11495500 VSIPU6I 0.

VSlPU7 0.08015860 VSlPU7I 0. VSlPU8 0.05589480
VS1PU8I 0. VS1PU9 0.03897560 VSlPU9I 0.

VS1PU 0.69730300 VT12 0.91007200 VTG1 0.99284800
VTG2 0.99414000 VTOP2-0.22473400 VTREFG1 1.01000000

VTREFG2 1.01000000 VTRQGS2 0. W42 87.2843000

W4R22 87.2843000 W542 97.4449000 W54R22 97.4449000
WAVE 4.00000000 WEFSEA 1.04720000 WESEA 0.08713720

WESEANG 0.10000000 WESMAX 0.10000000 WFAC2 7671.22000
WFSR22 5848.37000 WFUEL2 7113.40000 WFUEL2I 2185.21000

WMGID-0.01753260 WMG2 369.589000 WNM1D-2.01182000
WO 377.000000 WRN2ORD 1.00000000 WRN2ORDIC 1.00000000

WRNG1 0.99056400 WRNG2 0.98034400 WRNG2IC 1.00000000
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IURNM1 0.6655,,600 WRNX2 0.66558600 XDC1 1.68000000
XiDG1 1.0',0000 XDG2 1.77000000 XDM1 1.76000000

XDMXQM1 " 60300000 XDPG1 0.25000000 XDPG2 0.18000000
XDPN1 0.60800000 XDPPG1 0.18000000 XDPPG2 0.15000000

XDPPX1 0.54200000 XG1 0.10000000 XG2 0.10000000
XK3L2 2.20000000 XL1 0.10000000 XfG1 0.07500000
XXoG2 0.13000000 XLM1 0.33700000 XxV2 0.64105100
XQG1 1.01000000 XQG2 1.64000000 XQM1 1.15700000

XQPPG1 0.28000000 XQPPG2 0.15000000 XQPPM1 0.49400000
XVSORZF 207.220000 Z99885 0.45373000 Z99886-1.15637000

Z99887 0.45370200 Z99888 0.45375400 Z99889 0.45374200
Z99891 1 Z99892 0.17226600 Z99893-1.15052000
399894 0.17225600 Z99895 0.17227500 Z99896 0.17226700
Z99898 1 Z99899 0.92243400 Z99900-0.72997400
Z99901 0.92492800 Z99902 0.92483600 Z99903 0.92487400
Z99905 1 Z99906 0.23362500 Z99907-0.97512800
Z99908 0.23359000 Z99909 0.23366000 Z99910 0.23360400
Z99912 1 Z99920 0.08485850 Z99921 0.08485850
Z99945 7.00579000 Z99946 7.79347000 Z99949 3.02199000
Z99950 3.91157000 Z99960 47 Z99961 40
Z99962 55.4529000 Z99970 21 Z99971 61.0665000
Z99974 18 Z99975 13.0000000 Z99982 115
z99983 100 Z99984 0.29994900 ZZSZED 55555555
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Two Generator Ship
Two Mode Speed Control

0 Speed ch nge from 0.4 pu to 0.8 Pu
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Two Generator Ship
Two Mode Speed Control

0 Speed change from 0.4 pu to 0.8 pu
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Two Generator Ship
Two Mode Speed Control

o. Speed change from 0.4 pu to 0.8 u
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Two Generator Ship
T iwo Mode Speed Control

Ir Speed change from 0.4 pu to 0.8 pu
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Two Generator Ship
Two Mode Speed Control
Speed change from 0.4 pu to 0.8 pu
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Two Generator Ship
C Two Mode Speed Control
"L, Speed change from 0.4 pu to 0.8 pu
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Two Generator Ship
Two Mode Speed Control
Speed change from 0.4 pu to 0.8 pu
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Two Generator Ship
Two Mode Speed Control
"Speed change from 0.4 pu to 0.8 pu
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Two Generator Ship
Two Mode Speed Control
S 5eed change from 0.4 pu to 0.8 u
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D.5 Crashback

system #2: Crashback vith constant betai

T 299.976000 SZTICO 0. CIT 0.10000000
Z3Z31R F EZNBL= 1 ZEICON 0
ZZSTFL T ZZFRFL F ZZICFL F
ZERNFL F IJEYL F ZZNIST 40
ZZNAST 0 IALG 1 NSTP 10

MAlT 0.10000000 xna 1.00001-08

tate variables Derivatives Initial conditions
1DPPG1 0.09200280 399995-2.97852-04 1DPPGIC 0.
IDPPG2 0.12685700 Z99992-3.8525Z-04 zDPPG2xC 0.
EDPPM1 0.10099800 Z99930-6.20641-04 EDPPM1IC 0.

1NPTL2 7.20000000 Z99942 0. INPTL21 7.20000000
1QPG1 1.03617000 Z99994-6.20352-05 1QPGlIC 1.00000000
IQPG2 1.03049000 Z99991-3.29823-04 1QPG2IC 1.00000000
IQPN1 1.18300000 Z99929-0.00118243 1QPK1IC 1.00000000

1QPPG1 1.02296000 Z99996-1.0808l-04 EQPPG1IC 1.00000000
IQPPG2 1.02307000 Z99993-1.75201-04 ZQPPG2IC 1.00000000
ZQPPM1 1.16925000 Z99931-0.00109473 EQPPNIIC 1.00000000

IDC1 0.23447600 Z99922-0.00135037 IDC1IC 0.
NGG2 7660.91000 Z99965-1.02656000 NGG21 7193.84000
NPT2 3600.00000 399978 0.00655201 NPT2I 3600.00000

THEi1 4139.66000 Z99927-172.197000 TBOi1IC 0.
TICRL2 55.7401000 Z99959-0.03761290 TICRL2I 13.0000000

MaGl 373.994000 Z99979 0.00208680 ilWo1lC 377.000000
WMMl-172.197000 399928-0.06058390 WOIlIC 0.

399915 0. Z99914 0. 399913 0.
Z99917-0.35474200 399916-0.00104634 VS1plI 0.
399919 0.24513500 Z99918-0.00144583 IDCRlIC 0.
399924 0.31979300 299923-5.66241-04 UI1C 0.99000000
399926 1.42058000 399925 0.00810623 EAFIl1C 1.00000000
Z99933 0.40957600 399932-2.55631-04 XXV2I 0.31609000
Z99935 7660.95000 Z99934-1.01318000 NGGL2I 7193.84000
Z99937 98.2771000 Z99936-0.09670260 PS3WC21 68.0631000
399939-1.2782Z-04 399938-1.18871-04 MU1321 0.
399941 55.7940000 Z99940-0.03880470 ALPHA21 40.9791000
Z99944-345.140000 Z99943-4.05821-05 TGLAG21-345.140000
Z99948-0.76408100 399947 0.00285566 TABTR2I 0.
Z99952 577.409000 Z99951-2.03044000 QXAPL21 0.
399954 3600.00000 Z99953 0.00339084 NPTL2I 3600.00000
399956 27.5043000 Z99955-0.01437390 P54LL21 21.7097000
399958 27.0973000 Z99957-0.01553130 P54L21 21.3889000
399964 1481.69000 Z99963-0.15346200 T51PL2I 1416.04000
399967 2018.35000 Z99966-0.34237800 T4PL2I 1875.14000
Z99973-0.11570300 399972-8.1380Z-05 NERR21 0.
399981 0.14867200 Z99980-5.54491-04 TNUCHIlC 0.
Z99986 1.00000000 Z99985 0. FUIlIC 0.
399988 1.42252000 Z99987-0.01421450 ZAFG2IC 1.00000000
Z99990 1.29643000 399989 0.00253201 ZJ"QlIC 1.00000000
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Algebraic Variables

mon Block /ZZCOKU/
AFL2 0.17696700 AFR2 0.17284600 ALPHA2 55.7940000

ALPHA2LL 13.0000000 ALPH•2UL 120.000000 ALPHwAI 20.7143000
ALPHAG2 54.0000000 ALPHAM1 18.4545000 ARMLG2I 0.31609000

3ASB3K1M 2500.00000 3AS3KwG2 16200.0000 BABERUM1 14914.0000
BASENG1 900.000000 BASENG2 3600.00000 BASENM1 150.000000
BASIQOK 949455.000 BASEVGl 450.000000 BASUVG2 4160.00000
3AS3VK1 5000.00000 BETAI1 2.20000000 BsTAi1 2.20000000

BETAKINKI 1.57080000 BETARI 1.24528000 CQLID2 2.81433-05
CyLl 8.00000000 DELAY1 0.48568600 DELGI 0.12799800

D3LG2 0.14067800 DELI1-3.01265000 DWLK1-2.97629000
DZLRl 0.16948800 DELTA2 1.00000000 D3LV 1.00003-04

DELVTQ2 0. D3LWF2-2.65112000 DZLWF2I 0.
DFL2-0.75972300 DFRL2-0.17233400 DN2 0.00655201

DNGG2 7660.70000 DNPT2 0.00655201 DNR3F2 180.000000
DQ4S2 1.09706000 DQHR22-2.99080000 DQPTR2 4690.85000

DRLLG2I 0.31609000 DRPNDT2 0. DT4HS2 0.28814600
DT51HS2 0.26799100 DZ1 0.05000000 Z021 0.

3212-0.00431820 Z222-0.25909200 Z232-0.08636400
E52 8.36484000 E62 0. 372 0.14399800
382 0. E92 0.50000000 3AFPRRM1 4.05313-06

EAFG1 1.29643000 ZAFGID 0.00253201 EAFG2 1.42252000
EAFG2D-0.01421450 EAFi1 1.42058000 EAPKID 0.00810623

EAPMIMAX 3.00000000 EAFPMIIN 0. EAFmAXG1 3.00000000
EAFMAXG2 3.00000000 EAFRING1 0. EAPKING2 0.

EAFSM1 1.42059000 EDPPG1D-2.9785E-04 EDPPG2D-3.8525E-04
EDPPM1D-6.20643-04 E11 0.50743000 EIS3 1 1.00000000

3MFFB2-1.2782Z-04 EMPSAT2-1.6283Z-05 ENGG2-1.6283E-05
3NPT2 7.20000000 ENPT2I 7.20000000 EPH1 1.29454000

EQPG1D-6.20353-05 3QPG2D-3.29823-04 EQPM1D-0.00118243
EQPPG1D-1.0808E-04 EQPPG2D-1.75203-04 EQPPM1D-0.00109473

ER1 0.94265500 ERRBOUND 1.00003-04 ERX2-1.62833-05
FARGO 0 FARGI 1 FARG2 2
FARG3 3 FARGSO 0 FARGS1 1

FARGS2 2 FARGS3 3 FUELl 0.21571000
FUELImAX 1.00000000 FUELIKIN 0. FUELAG1 0.05040080

G12 0.22000000 G32 0.50000000 G52 0.50000000
GB3TAR1 30.0000000 GEAFG1 100.000000 GEAFG2 100.000000

GEAFP1 100.000000 GLARGE1 50.0000000 GH1 1.50000000
GSKALL1 5.00000000 GSP3ED1 5.00000000 HG1 1.91000000

HG2 0.92400000 HHPS 0.51678100 HN1 1.28978000
HP2 2965.60000 HP2B 25000.0000 HP2D 2965.60000

SP2I 0. RP2ORD 0. HP2ORDI 0.
RPT2ORD 2965.60000 IAJXQM1 0.29913800 IAMI 0.25854600

ICLIH2 70.0000000 ICNTRL2-0.11570300 ICNTRL2I 0.
ID2GR 1.00000000 IDBMl 0. IDClD-0.00135037

IDCOMi 0.24513500 IDCR1 0.24513500 IDCR1D-0.00144583
IDCR1DMAX 0.10000000 IDCRIDKIN-0.10000000 IDCRIMAX 0.80000000

IDCR1MIN 0. IDG1 0.18934800 IDG1IC 0.
IDG1M1 0.35266600 IDG2 0.24745800 IDG23RR 0.
IDG2IC 0. IDG2M1 0.32307100 IDI1 0.20903400

IDL2 0.18579900 IDMl 0.20903400 IDI1IC 0.
IDRI 0.24496900 IDXI1 0.12604700 IERR1 0.01065960
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IZRR1IC 0. IGG2 566.778000 IITID2 580.484000
IQB1 1 0. IQG1 0.12595400 IQG1Ic 0.

IQGlM1 0.23459300 IQG2 0.08511570 IQG2ERR 0.
IQG2IC 0. IQG2K1 0.11112400 1Q11 0.15215500

IQL2 0.18035400 1QM1 0.15215500 IQmIIC 0.
IQRI 0.08268140 JJG 16505.0000 JJPROP 1.31303+06
JJPS 1.47903+06 JJPT2 2171.50000 JJSHFT 166000.000

KOORES 0. K01RZS 0.20233900 K02R3S-0.05737380
K03RZS 0.96980600 K04RES-0.23175100 K05RZS 8.65721000
K06REBS-5.19908000 K07R3S-23.5963000 KO8RS 15.9458000
K09RZS 20.3595000 K1ORZS-15.1637000 KALARX2 0
KBRAKE 1.00000000 KC12 0.50000000 KDFRQ 1.57080000

KGC 32.1740000 KGOVi 0.20000000 KHOLDPI2 1.00000000
KI 307.240000 KIGIM1 1.86253000 KIG2M1 1.30556000

KIR 2.00000000 KKWGI1K 0.16762800 KEWG2M1 1.08623000
KPNGG2 0.01017600 KQBP 5252.10000 KRAT2 0.16000000
KRATZ2 10.0000000 KSHTDN2 0 KTBL2 0

KTURBO1 0.50000000 KVGM1K 0.09000000 KVG2M1 0.83200000
KVSHIP 0.00754970 KZG1N1 0.04832140 KZG2M1 0.63727300
LBRAKE F LDOPLR F LFWD1 F
LHEADR F LHOLD2PI F LNGG2A F
LPIRD2 F LSEA F LT542A F

MAXIT 10.0000000 MFKAC2 0.58200000 MFKFR2 0.17259000
HFKMV2 23.0000000 ,aK12 4.60801-08 ,FW2 159.400000

2091.30000 13659.6000 N1 892.843000
N2 3600.00000 N21 3600.00000 NZRR2-4.8828E-04

NGB 3600.00000 NGG2B 9827.00000 NGGL2 7660.95000
NmAXi 950.000000 N0IN1 400.000000 NP1PU-0.47342600

NPIPUI 5.38321-06 NP1RPH-68.5134000 NPIRPMI 7.7905Z-04
NP2PU-0.47342600 NP2PUI 5.3832Z-06 NP2RMPI 7.7905E-04

NP2RPK-68.5134000 NPRPMB 144.719000 NPRPSB 2.41200000
NPT2B 3600.00000 NPT2ORD 3600.00000 MPT2ORDI 3600.00000
NPT2R 3600.00000 NPT2RI 3600.00000 NPTL2 3600.00000
NPTQ2 158.068000 NPTQ2I 158.068000 NPTR2 3600.00000

NPTR2I 3600.00000 NR3F2 3672.00000 NSZT1 900.000000
P1 0.20000000 P2 14.6960000 P2T22 5.50753000

P542 27.0971000 P5421 21.3889000 P54L2 27.0973000
P54LL2 27.5043000 P54Q2 1.87155000 P54Q21 1.47725000
P54R22 27.0946000 P54R221 21.3889000 PAMB 14.6960000

PCNTRL2-2.44143-04 PCNTRL2I 0. PCTID2 0.01000000
PHIPM1 0.94159300 PHISM1 0.20000000 PNGG2 77.9578000
PNGGR2 77.9578000 PNGGR2I 73.2049000 PS32 98.2732000

PS321 68.0631000 PS3R22 98.2732000 PS3R221 68.0631000
PS3WC2 98.2771000 PWRD2 11.8624000 PWRD2I 0.

Ql 0.15000000 Q42 7679.45000 Q4R22 7679.45000
QCAL2 3180.10000 QCAL2I 0. QGB 36520.0000

QH2-1.89374000 QLID2 364.730000 QLID2I 364.730000
QMAP2 577.348000 QNAP2I 0. QMAPL2 577.409000

QP1-244194.000 QP1F-6229.08000 QP1FI 92443.6000
QP1i-0.23332300 QP1PU-0.19707800 QPIPUI-1.88313-07

QP2-244194.000 QP2F-6229.08000 QP2FI 92443.6000
QP2I-0.23332300 QP2PU-0.19707800 QP2PUI-1.88313-07

QPBAS3 1.2391Z+06 QPSBAF 92466.4000 QPT2 4691.69000
QPT2B 36473.0000 QPT2I 364.730000 QPT2PU 0.12846900
QRZF2 45000.0000 RDC1 0.02000000 RS1PUO 0.00170916
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RS1PU1-0.04231370 RSlPU2-0.05418350 RS1PU3-0.07177810
RS1PU-0.16656600 RS1PUl0 0. RS1PUIl 0.

RSlPUI2 0. RSlPUI3 0. RBIPUI 0.
SEAFRQ 1.04720000 SZATINZ 0. SNZGVL2 0.

SPDZRR1 7.15710000 SPDZRR1IC 0. SPDRBF1-0.50000000
SPEEDERRI 0.04324370 SQRTH2 1.00000000 SWITCHVAR1 0.05578500

TOSKA 0. T2 518.700000 T42 2017.31000
T4P2 2017.02000 T4PL2 2018.35000 T4R22 2017.02000
T4U2-17.1120000 T512 1480.52000 T51P2 1480.25000

T51PL2 1481.69000 TS1Q2 1.00018000 T51R22 1480.25000
T51U2-17.8027000 T542 971.106000 TABTR12 0.63516400

LPH•A2(32) 999.900000 Z99976(16) 108.000000 Z99977(16) 999.900000
TAMB 59.0000000 TAUBETAR1 0.01000000 TAUEAFG1 0.10000000

TAUEAFG2 0.10000000 TAUZAPH1 0.05000000 TAUFAST1 0.10000000
TAUGOV1 2.00000000 TAUSLOW1 20.0000000 TAUSPEED1 20.0000000

TC12 3.00000000 TDOPG1 3.79000000 TDOPG2 3.19000000
TDOPM1 2.10000000 TDOPPG1 0.38000000 TDOPPG2 0.04000000

TDOPPM1 0.03900000 TDT542(48) 99999.0000 Z99968(36) 68.3000000
99969(12) 99999.0000 TZG1-0.14865100 TEG2-0.11847100

TEG2IC 0. TEK1-0.19749300 TESK2 4326.57000
TESM21 0. TGLAG2 7.20000000 TMDOT22-0.03768050
TEET2N 1.00000000 THETA2 1.00000000 TERESHOLD1 0.10000000
THTA2V 1.00000000 TIC2 55.7444000 TIC2LL 13.0000000
TIC2UL 113.500000 TICID2 55.7444000 TICMD2I 13.0000000

TICN2-0.11594700 TICN2I 0. TICRL2LL-89.0000000
TICRL2UL 22.5000000 TICS2 55.8603000 TICS2I 13.0000000

TMAP(116) 950.000000 Z99997(96) 0.92280000 Z99998(20) 950.000000
TMG1 0.14867200 THM1 0.19707800 TMl2 0.19707800

TORQ1 0.14840300 TP1PU-0.15258000 TPIPUI 0.
TP2PU-0.15258000 TP2PUI 0. TQOPPG1 0.19000000

TQOPPG2 0.09000000 TQOPPM1 0.19300000 TSEA 6.00000000
TSTOP 300.000000 TURBOLAG1 0.43528500 TUT4H2 0.25857500

TUT51H2 0.10642200 TVSOREF 696.262000 Ul 0.31979300
U1D-5.6624E-04 UmAXi 0.99000000 UKINi 0.

VDBIC 0. VDBUS 0.15073700 VDERR 0.
VDG1 0.12727000 VDG2 0.13962400 VD11-0.06524800
VDM1-0.08046350 VDR1 0.15900500 VERRG1 0.01296680

VZRRG2 0.01421100 V11-0.49391900 VN2 7.34400000
VNSF2 500.000000 VQ2 9.00000000 VQBIC 1.00000000
VQBUS 0.95364400 VQERR 0. VQG1 0.98887700

VQG2 0.98595200 VQ11-0.50321700 VQK1-0.48231400
VQR1 0.92914800 VQSF2 5000.00000 VR1 0.49860200

VR2 0.50000000 VRATE2 0. VRSF2 360.000000
VS1PUO 1.00001-05 VSlPUlO 3.1559E-05 VS1PU10I 0.
VS1PU2 0.12584200 VSlPU2I 0. VS1PU3-0.04464140

VS1PU3I 0. VS1PU4 0.01583620 VSlPU4I 0.
VSIPU5-0.00561775 VSIPU5i 0. VS1PU6 0.00199285

VSIPU6I 0. VSIPU7-7.0695E-04 VSlPU7I 0.
VS1PU8 2.5078E-04 VS1PU8I 0. VSlPU9-8.8964E-05

VSlPU9I 0. VS1PU-0.35474200 VT12 0.93215900
VTG1 0.99703300 VTG2 0.99578900 VTM1 0.48898000

VTOP2 0. VTREFG1 1.01000000 VTREFG2 1.01000000
VTRQGS2 0. W42 59.3867000 W4R22 59.3867000

W542 66.4302000 W54R22 66.4302000 WAVE 4.00000000
WPFSIA 1.04720000 EZsA 0. WESEWAM 0.
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WZSA6X 0.10000000 WFAC2 4480.39000 WFSR22 3308.34000

WFURL2 3305.69000 WFUEL21 2185.21000 lHOID 0.00208680
WMG2 377.000000 WMlID-0.06058390 WO 377.000000

WRN2ORD 1.00000000 WRN2ORDIC 1.00000000 WRNG1 0.99202600
WRNG2 1.00000000 WRNG21C 1.00000000 WRNM1-0.45675600
WRNK2-0.45675600 XDC1 1.68000000 IDG1 1.63000000
XDG2 1.77000000 XDN1 1.76000000 XDKIQN1 0.60300000

XDPG1 0.25000000 XDPG2 0.18000000 XDPN1 0.60800000
XDPPG1 0.18000000 XDPPG2 0.15000000 1DPPN1 0.54200000

XG1 0.10000000 XG2 0.10000000 1K3L2 2.20000000
X,1 0.10000000 XLG1 0.07500000 XLG2 0.13000000

X2J.1 0.33700000 Xli1 0.10000000 XIV2 0.40944900
XQG1 1.01000000 XQG2 1.64000000 XQM1 1.15700000

XQPPG1 0.28000000 XQPPG2 0.15000000 XQPPM1 0.49400000
XVSOREF 207.220000 Z99885 0.32307100 Z99886-1.14391000

Z99887 0.32301700 Z99888 0.32311900 399889 0.32307100
Z99891 1 Z99892 0.11112400 Z99893-1.13941000
Z99894 0.11110500 Z99895 0.11114000 Z99896 0.11112400
Z99898 1 Z99899 0.94822400 299900-0.91074800
Z99901 0.95364500 Z99902 0.95354900 Z99903 0.95361000
Z99905 1 Z99906 0.15073700 Z99907-1.17095000
Z99908 0.15071000 Z99909 0.15075900 Z99910 0.15072900
Z99912 1 Z99920 0.05578500 Z99921 0.05578500
Z99945 7.20000000 Z99946 7.20000000 Z99949 0.63602000
Z99950 0.63516400 Z99960 47 Z99961 40
Z99962 49.7148000 Z99970 21 Z99971 55.8603000
Z99974 18 Z99975 13.0000000 Z99982 115
Z99983 99 Z99984 0.14840300 ZZSEED 55555555
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Two Generator Ship
Two Mode Speed Control
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Two Generator Ship
Two Mode Speed Control
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Two Generator Ship
Two Mode Speed Control
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Two Generator Ship
Two Mode Speed Control
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Two Generator Ship
Two Mode Speed Control
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Two Generator Ship
C Two Mode Speed Control
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Two Generator Ship
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Two Generator Ship
Two Mode Speed Control
Braking Resistor Applicat ion
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Two Generator Ship
Two Mode Speed Control
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Two Generator Ship
Two Mode Speed Control
Phase Se quence Reversal
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D.6 Generator Failure at 50% Motor Speed

System #2a: Generator #2 failure at 500 ship speed

T 25.0000000 55TICG 0. CuRT 0.10000000
25131M F SINULK 1 ZSICON 0
SZSTFL T SZFRFL F Z5CIFL F
ZZRNFL F SSjEFL F ZEZNST 40
SSNAST 0 IALG 1 NSTP 10

NAXT 0.10000000 MINT 1.00003-08

tate Variables Derivatives initial conditions
ZDPPG1 0.29471100 Z99995-1.06293-04 EDPPG1IC 0.
3DPPG2 1.16443-24 Z99992-6.12823-24 EDPPG21C 0.
EDPPN1-0.09589190 Z99930 8.4455Z-05 3DPPM1IC 0.
3NPTL1 7.19898000 599942-2.02663-04 3NPTLIX 7.20000000

EQPG1 1.02696000 Z99994-1.1006E-05 3QPGIZC 1.00000000
EQPG2 1.00000000 Z99991-7.30173-07 3QPG2IC 1.00000000
3QPN1 1.17125000 599929-1.50633-04 3QPKIZC 1.00000000

3QPPG1 1.01201000 Z99996-2.2351E-06 ZQPPGI1C 1.00000000
3QPPG2 1.00000000 599993-7.84273-07 ZQPPG21C 1.00000000
3QPPH1 1.15814000 599931-1.48273-04 3QPPNI:C 1.00000000

IDCl 0.22284700 Z99922-1.73999-04 IDCIIC 0.
NGG1 8081.00000 Z99965-0.48811200 NGGII 7193.84000
NPTi 3599.47000 Z99978-0.05613670 NPTI1 3600.00000

THMO(1 27350.3000 599927 171.236000 TuKlliC 0.
TICRL1 69.1367000 599959 0.11779800 TICRL1I 13.0000000

WWM2 380.807000 Z99979 1.4632Z-07 NMN21C 377.000000
WNMI 171.236000 599928 0.00998080 WINoliC 0.

Z99915 0. 599914 0. 599913 0.
Z99917 0.51156600 Z99916 2.7909E-04 VS1PlU 0.
Z99919 0.23287300 299918-1.95383-04 IDCR1IC 0.
Z99924 0.30078100 Z99923 6.25853-05 UlIC 0.99000000
599926 1.39970000 Z99925-0.03814700 3AFXlIC 1.00000000
Z99933 0.52794400 Z99932-3.64333-04 XNVIi 0.31609000
599935 8081.02000 Z99934-0.62255900 NGGL1I 7193.84000
Z99937 138.696000 Z99936-0.02212520 PS3WCl1 68.0631000
Z99939-1.82163-04 Z99938 4.22403-04 ZiFFBli 0.
Z99941 69.1148000 Z99940 0. ALPH&1I 40.9791000
599944-345.092000 Z99943 0.00927296 TGLAG1I-345.140000
Z99948-2.45794000 Z99947 0.00717958 TABTRI1 0.
Z99952 1857.90000 Z99951-0.27262400 QKAPLI1 0.
Z99954 3599.49000 Z99953-0.08816190 NPTL1 3600.00000
Z99956 34.9975000 Z99955-0.00118249 P54LL1I 21.7097000
Z99958 34.4802000 Z99957 0. PS4L1X 21.3889000
599964 1572.16000 599963 3.43217000 TS1PL1I 1416.04000
Z99967 2214.47000 Z99966 1.81239000 T4PL1 1875.14000
Z99973-0.06887140 Z99972 0.08772790 N33Rl 0.
Z99981 1.4826Z-09 Z99980-2.6981X-09 TIUCH21C 0.
399986 1.00001000 S99985 0. FU I21C 0.
399988 0.99999100 S99987 7.98703-05 ZAFG2IC 1.00000000
Z99990 1.81929000 599989-7.56983-04 R3AGIZC 1.00000000
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Algebraic Variables

son Block /ZZCOKU/
AFLI 0.14660200 AFRL1 0.17295400 ALPHA1 69.1148000

ALPHA1LL 13.0000000 ALPUAIUL 120.000000 ALPHAG1 54.0000000
ALPHAG2 20.7143000 ALPHAM1 18.4545000 ARLLGIl 0.31609000

BASEKWG1 16200.0000 BASKWG2 2500.00000 BASBKWN1 14914.0000
BASENGI 3600.00000 BASENG2 900.000000 BASENN1 150.000000

BASEQN1 949455.000 BASEVG1 4160.00000 BASEVG2 450.000000
BASE3V1 5000.00000 BETAIl 2.20000000 BETAMI 2.20000000

BETANINK1 1.57080000 BETAR1 1.26528000 CQLID1 2.81433-05
CYL2 8.00000000 DELAY2 0.54949900 DELG1 0.33318900

D3LG2 1.1644Z-24 DZLI1-0.19531300 DELM1-0.15796300
DELR1 0.39877300 DELTA2 1.00000000 DELV 1.00003-04

DELVTQ1 0. DELWF1 5.39990000 DELWF1I 0.
DFL1-0.79008800 DFRL1-0.17222600 DN1-0.05613670

DNGG1 8080.75000 DNPT1-0.05613670 DNRZF1 180.000000
DQ4S1-5.96718000 DQHR21 5.06674000 DQPTR1 13071.1000

DRLLG1l 0.31609000 DRPMDT1-1.5240E-04 DT4HS1-1.13085000
DT51HS1-4.44555000 DZ1 0.05000000 301! 0.

E211 0.00206329 z221 0.12379800 3231 0.04126580
E51 6.95567000 361 0. 371 0.14546300
E81 0. E91 0.45832200 EAFERRMl-1.9073E-05

EAFG1 1.81929000 EAFG1D-7.5690E-04 3AFG2 0.99999100
EAFG2D 7.9870E-05 WAFM1 1.39970000 EAFMID-0.03814700

EAFMIMAX 3.00000000 EAFMXNIN 0. EAFPAXG1 3.00000000

EAFMAXG2 3.00000000 EAPKING1 0. EAFNING2 0.
EAFSK1 1.39968000 EDPPG1D-1.0629E-04 EDPPG2D-6.1282E-24

3DPPM1D 8.4455E-05 Ell 0.46612500 ZISMI 1.00000000
EMFFB1-1.8216E-04 EMFSAT1 2.5251E-06 ENGG1 2.5251E-06

ENPT1 7.19897000 ENPT1I 7.20000000 EPM1 1.27988000
EQPG1D-1.1006E-05 EQPG2D-7.3017E-07 EQPK1D-1.5063E-04

EQPPGID-2.23513-06 3QPPG2D-7.8427E-07 EQPPMID-1.4827E-04
ER1 0.92096700 ERRBOUND 1.00003-04 ERX1 2.52513-06

FARGO 0 FARG1 1 FARG2 2
FARG3 3 FARGSO 0 FARGS 1 1

FARGS2 2 FARGS3 3 FUEL2 0.
FUEL2MAX 1.00000000 FUEL2KIN 0. FUMLAG2 0.04949900

Gil 0.22000000 G31 0.50000000 G51 0.50000000
GBETAR1 30.0000000 GEAFG1 100.000000 G3AFG2 100.000000

GEAFM1 100.000000 GLARGE1 50.0000000 GN1 1.50000000
GSNALL1 5.00000000 GSPZED1 5.00000000 HG1 0.92400000

HG2 1.91000000 HHPS 0.51678100 HN1 1.28978000
HP1 8685.66000 HP1B 25000.0000 HP1D 8685.66000

HPII 0. EP1ORD 0. HPlORDI 0.
HPT1ORD 8685.66000 IAJXQMl 0.28430200 IAM1 0.24572400

ICLIM1 70.0000000 ICNTRL1-0.06887140 ICNTRL1I 0.
IDIGR 1.00000000 IDBM1 0. IDC1D-1.7399Z-04

IDCBG2 0. IDCOx1 0.23287300 IDCR1 0.23287300
IDCR1D-1.9538E-04 IDCRIDNAX 5.00000000 IDCR1DMIN-5.00000000

IDCRlMAX 0.80000000 IDCRlMIN 0. IDGI 0.49834100
IDG1IC 0. IDGIM1 0.65061600 IDG2 0.

IDG23RR 0. IDG2IC 0. IDG2M1 0.
IDI1 0.19866700 IDL2 0.18192500 IDN1 0.19866700

IDI1IC 0. IDR1 0.23434500 IDXN1 0.11979600
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IERRI 0.01002610 IERRIIC 0. IGG1 566.778000
IITIDI 580.484000 IQBUi 0. IQCDG2 0.

IQG1 0.19778600 IQGIIC 0. IQGI1K 0.25822200
IQG2 0. IQG2ERR 0. IQG2IC 0.

1QG2N1 0. IQ11-0.14460900 IQL2 0.11040400
IQM1-0.14460900 IQMlIC 0. IQR1 0.07390910
JJG 16505.0000 JJPROP 1.3130E+06 JJPS 1.4790E+06

JJPT1 2171.50000 JJSHFT 166000.000 KOORES 0.
K01RES 0.20233900 K02RES-0.05737380 K03RES 0.96980600
K04RES-0.23175100 K05RES 8.65721000 K06RES-5.19908000
K07RES-23.5963000 KOSRES 15.9458000 K09RES 20.3595000
K1ORES-15.1637000 KALARMI 0 IDRAKE 1.00000000

KC11 0.50000000 KDFRQ 1.57080000 KGC 32.1740000
KGOV2 0.20000000 KHOLDPI1 1.00000000 KI 307.240000

KIGIMi 1.30556000 KIG2M1 1.86253000 KIR 2.00000000
KKWGlM1 1.08623000 KKWG2M1 0.16762800 KPNGG1 0.01017600

KQHP 5252.10000 KRAT1 0.16000000 KRATE1 10.0000000
KSHTDN1 0 KTBL1 0 KTURBO2 0.50000000

KVG1M1 0.83200000 KVG2M1 0.09000000 KVSHIP 0.00754970
KZG1M1 0.63727300 KZG2MI 0.04832140 LBRAKE F

LCBG2 F LDOPLR F LFWD1 T
LHEADR F LHOLD1PI F LNGGlA F
LPWRD1 F LSEA F LT541A F

MAXIT 10.0000000 MFKAC1 0.58200000 MFKFR1 0.17259000
MFKMV1 23.0000000 MF0N1 4.6080E-08 MFWl 159.400000

2091.30000 13659.6000 N1 3599.47000
Nil 3600.00000 N2 909.109000 NERR1 0.52636700
NGB 3600.00000 NGGlB 9827.00000 NGGL1 8081.02000

NXAX2 950.000000 N3IN2 400.000000 NP1PU 0.47078300
NPIPUI 5.3832E-06 NPIRPH 68.1310000 NPIRPMI 7.79051-04

NP2PU 0.47078300 NP2PUI 5.3832E-06 NP2RMPI 7.79051-04
NP2RPM 68.1310000 NPRPMB 144.719000 NPRPSB 2.41200000

NPT1B 3600.00000 NPT1ORD 3600.00000 NPTIORDI 3600.00000
NPT1R 3600.00000 NPT1RI 3600.00000 NPTL1 3599.49000
NPTQ1 158.046000 NPTQ1I 158.068000 NPTR1 3599.47000

NPTR1I 3600.00000 NREFi 3672.00000 NSET2 900.000000
P1 0.16000000 P2 14.6960000 P2T21 5.50753000

P541 34.4802000 P541I 21.3889000 P54L1 34.4802000
P54LL1 34.9975000 P54Q1 2.38143000 P54QlI 1.47725000
P54R21 34.5283000 P54R211 21.3889000 PANS 14.6960000

PCNTRL1 0.26318400 PCNTRL1I 0. PCTID1 0.01000000
PHIPRM 2.20000000 PHISM1 0.20000000 PUGG1 82.2326000
PNGGR1 82.2326000 PNGGR1I 73.2049000 PS31 138.696000

PS311 68.0631000 PS3R21 138.696000 PS3R21I 68.0631000
PS3WC1 138.696000 PWRD1 34.7427000 PWRD1I 0.

Q1 0.12000000 Q41 11715.4000 Q4R21 11715.4000
QCAL1 10232.4000 QCAL1I 0. QGB 36520.0000

QH1-0.90044000 QLID1 364.623000 QLID1I 364.730000
QMAP1 1857.89000 QmIAPlI 0. QMAPL1 1857.90000

QP1 229329.000 QP1F 6198.26000 QP1FI 92443.6000
QP1i-0.23332300 QP1PU 0.18508100 QP1PUI-1.88313-07

QP2 229329.000 QP2F 6198.26000 QP2FI 92443.6000
QP2I-0.23332300 QP2PU 0.18508100 QP2PUI-1.8831E-07

QPBASE 1.2391Z+06 QPSBAF 92466.4000 QPT1 13034.7000
QPT18 36473.0000 QPT1I 364.730000 QPT1PU 0.35692000
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QREF1 45000.0000 RDC1 0.02000000 R81PUO 0.10503100
RS1PU1-0.00622202 RSlPU2 0.09894770 RS1PU3 0.10351000

RSIPU 0.30126600 RSBPUIO 0. RSlPUZI 0.
RS1PUI2 0. RSlPU13 0. RS1PUI 0.

SEAFRQ 1.04720000 SEATIME 0. SNEGVL1 0.
SPDERR1IC 0. SPDZRR2-9.10852000 SPDREF1 0.50000000
SPEEDERR1 0.04579310 SQRTN2 1.00000000 SWITCBVAR1 0.02905200

TOSEA 0. T2 518.700000 T41 2219.07000
T4P1 2220.20000 T4PL1 2214.47000 T4R21 2220.20000

T4U1 90.5831000 T511 1!93.90000 T51P1 1598.35000
T51PL1 1572.16000 T51Q1 0.99721900 T51R21 1598.35000

T51U1 398.157000 T541 1079.82000 TABTR11 2.04433000
LPHA1(32) 999.900000 Z99976(16) 108.000000 Z99977(16) 999.900000

TAMB 59.0000000 TAUBETAR1 0.01000000 TAUEAFG1 0.10000000
TAUEAFG2 0.10000000 TAUEAFMI 0.05000000 TAUFASTI 0.10000000

TAUGOV2 2.00000000 TAUSLOW1 20.0000000 TAUSPEED1 20.0000000
TC11 3.00000000 TDOPG1 3.19000000 TDOPG2 3.79000000

TDOPM1 2.10000000 TDOPPG1 0.04000000 TDOPPG2 0.38000000
TDOPPM1 0.03900000 TDT541(48) 99999.0000 Z99968(36) 68.3000000

99969(12) 99999.0000 TEG1-0.34702900 TEGlIC 0.
TEG2 0. TEM1 0.18514900 TESM1 12673.5000

TESMII 0. TGLAG1 7.19854000 THDOT21 0.
THET2N 1.00000000 THETA2 1.00000000 THRESHOLDI 0.10000000
THTA2V 1.00000000 TIC1 69.1485000 TICILL 13.0000000
TIClUL 113.500000 TICMD1 69.1485000 TICMD1I 13.0000000

TICN1 0.19431200 TICN1I 0. TICRLILL-89.0000000
TICRL1UL 22.5000000 TICS1 68.9542000 TICS1I 13.0000000

TMAP(116) 950.000000 Z99997(96) 0.92280000 Z99998(20) 950.000000
TMG2 1.4826E-09 TMI1-0.18508100 TMK2-0.18508100

TORQ2 0. TP1PU 0.16911700 TPIPUI 0.
TP2PU 0.16911700 TP2PUI 0. TQOPPG1 0.09000000

TQOPPG2 0.19000000 TQOPPM1 0.19300000 TSEA 6.00000000
TSTOP 25.0000000 TURBOLAG2 0.50000000 TUT4H1 0.31613800

TUT51H1 0.13107100 TVSOREF 696.262000 Ul 0.30078100
UlD 6.2585E-05 UMAX1 0.99000000 UXIN1 0.

VDBIC 0. VDBUS 0.35020900 VDCBG2 1.1644E-24
VDERP. 0. VDG1 0.32437900 VDG2 1.1644E-24

VDI1-0.09046270 VDM1-0.07600180 VDR1 0.35760000
VERRG1 0.01819210 VERRG2 0.00999999 VI1-0.45371400

VNI 7.34400000 VNSF1 500.000000 VQ1 9.00000000
VQBIC 1.00000000 VQBUS 0.87214100 VQCBG2 1.00000000
VQERR 0. VQG1 0.93726200 VQG2 1.00000000

VQI1 0.45726300 VQM1 0.47712900 VQR1 0.84870700
VQSF1 5000.00000 VR1 0.45817000 VRATE1 0.
VRSF1 360.000000 VSlPUO 1.0000E-05 VSIPU10 0.00122748

VS1PU10I 0. VSlPU2 0.26169900 VSlPU2I 0.
VSIPU3 0.13387600 VSlPU3I 0. VSlPU4 0.06848660

VSlPU4I 0. VSlPU5 0.03503540 VSlPUSI 0.
VS1PU6 0.01792290 VSlPU6I 0. VSlPU7 0.00916874

VS1PU7I 0. VSlPU8 0.00469042 VSlPU8I 0.
VS1PU9 0.00239946 VS1PU9I 0. VS1PU 0.51156600

VT12 0.88327600 VTG1 0.99180800 VTG2 1.00000000
VTM1 0.48314500 VTOP1 0. VTREFG1 1.01000000

VTREFG2 1.01000000 VTRQGS1 0. W41 80.1019000
W4R21 80.1019000 W541 89.5631000 W54R21 89.5631000
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WAVE 4.00000000 16EFS7A 1.04720000 WESlA 0.
WESEANG 0. WESMAX 0.10000000 WFAC1 6519.46000

WFSR21 5062.36000 UFUEL1 5067.76000 WrUEL1I 2185.21000
WMG1 376.945000 WNG2D 1.4632E-07 WmlllD 0.00998080

WO 377.000000 WRN1ORD 1.00000000 WRN1ORDIC 1.00000000
WRNG1 0.99985400 WRNG1IC 1.00000000 WRNG2 1.01010000
WRNM1 0.45420700 WRNM2 0.45420700 XDC1 1.68000000

XDG1 1.77000000 XDG2 1.63000000 XDM1 1.76000000
XDMXQM1 0.60300000 KDPG1 0.18000000 XDPG2 0.25000000

XDPM1 0.60800000 XDPPG1 0.15000000 XDPPG2 0.18000000
XDPPM1 0.54200000 XG1 0.10000000 XG2 0.10000000

XK3L1 2.20000000 XL1 0.10000000 XnX1 0.13000000
XLG2 0.07500000 XLM1 0.33700000 Xxi 0.10000000
XNV1 0.52776200 XQG1 1.64000000 XQG2 1.01000000
XQM1 1.15700000 XQPPG1 0.15000000 XQPPG2 0.28000000

XQPPM1 0.49400000 XVSOREF 207.220000 299885 0.
Z99886 0. Z99887 0. Z99888 0.32210600
Z99889 0. 299891 1 Z99892 0.
299893 0. Z99894 0. Z99895 0.19897000
299896 0. Z99898 1 Z99899 0.87135600
Z99900 0. 299901 0.87214100 299902 0.87205400
Z99903 0.87220100 Z99905 1 299906 0.35020900
Z99907 0. Z99908 0.35020900 Z99909 0.35027900
Z99910 0.35020100 Z99912 1 Z99920 0.02905200
Z99921 0.02905200 Z99945 7.19897000 Z99946 7.19854000
Z99949 2.04649000 299950 2.04433000 Z99960 47
Z99961 40 Z99962 54.3832000 Z99970 23
Z99971 68.9542000 Z99974 18 Z99975 13.0000000
Z99982 116 Z99983 98 Z99984 0.
ZZSEED 55555555
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D.7 Generator Failure at 90% Motor Speed

systm 2a: Generator #2 tripped off line I T-15 see

T 18.1803000 SZTICG 0. CI1T 0.10000000
33ZIR F ZZSNLK 1 SZICOM 0
3Z8•FL T 3SFRFL F 33CZFL F
33RUFL F Z3JIFL F 3331T 40
S3NABT 0 IALG 1 NSTP 10
MAXT 0.10000000 KIN! 1.00001-08

tate Variables Derivatives Initial conditions
EDPPG1 0.72011600 Z99995-1.21953-04 ZDPPG11C 0.
ZDPPG2 1.18501-08 399992-6.23671-08 ZDPPG2IC 0.
IDPPHl-0.23329600 399930 4.83011-05 ZDPPX1IC 0.

EIPTL1 6.70086000 Z99942 0.20103500 1uPTL1I 7.20000000
IQPG1 0.75499600 399994 1.82281-04 1QPG1IC 1.00000000
ZQPG2 0.99920600 399991-0.00232718 ZQP02ZC 1.00000000
IQPN1 1.41814000 399929-3.85893-06 EZQI(ZC 1.00000000

IQPPG1 0.72741600 399996 1.01631-04 IQPPG1iC 1.00000000
IQPPG2 1.00012000 Z99993-0.00241289 EQPPG21C 1.00000000
ZQPPK1 1.38623000 399931 3.5195Z-05 IQPPN1IC 1.00000000

IDC1 0.54223500 Z99922-2.69642-05 IDC1IC 0.
N001 9222.09000 399965 213.686000 HOGII 7193.84000
UY1 3369.03000 399978 103.740000 NPTI1 3600.00000

TINK1 43180.3000 S99927 297.195000 TWOUIl/C 0.
TICRL1 113.500000 z99959 7.62941-05 TICRL1 13.0000000

1NG2 391.600000 399979 0.08838670 W=N21C 377.000000
W]1 297.195000 399928-0.00646367 ilC 0.

399915 0. 399914 0. 399913 0.
399917 0.86895800 399916 3.17531-05 VS1PUZ 0.
399919 0.56063000 399918-1.10243-04 ZDCR11C 0.
Z99924 0.55184400 399923-5.84131-04 UliC 0.99000000
399926 1.97503000 Z99925 0.12087800 IAFNlIC 1.00000000
399933 0.85020400 Z99932 0.04110780 X2V11 0.31609000
S99935 9213.43000 399934 216.650000 NGOLI 7193.84000
399937 252.498000 399936 13.6253000 PS3WCll 68.0631000
399939 0.02055390 399938-0.01249520 zDahiI 0.
399941 113.455000 399940 3.60303-04 hLPlh1I 40.9791000

Z99944-321.147000 399943-9.62277000 TGLAG11-345.140000
399948-9.63467000 399947-0.70087400 TARTRIX 0.
399952 7448.08000 399951 299.854000 QKAPL.I 0.
399954 3354.45000 399953 101.262000 MPLLIX 3600.00000
399956 57.2223000 399955 2.20612000 PS4LL1I 21.7097000
399958 56.4636000 399957 2.14359000 PS4LIX 21.3889000
399964 1739.47000 399963 61.4375000 T51PL11 1416.04000
399967 2615.63000 399966 128.343000 T4PL11 1875.14000
399973 0.13876700 399972 0. =miR1x 0.
399981 8.95591-04 399980-0.00163522 !ICN21C 0.
399986 1.00001000 399985 0. FUIL21C 0.
399988 0.97231000 399987 0.15422600 A0FG21C 1.00000000
399990 2.21734000 399989 0.01030920 KAFGIIC 1.00000000
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Algebraic Variables

mon Block /ZZCOKU/
AhL1 0.00124403 AFRLI 0.13148200 ALPH&1 113.455000

ALPHA1LL 13.0000000 ALPHA1UL 120.000000 ALPHAG1 54.0000000
ALPHAG2 20.7143000 ALPHAMI 18.4545000 ARLLG1I 0.31609000

BAS3KWG1 16200.0000 BASZKWG2 2500.00000 BASA1W1l 14914.0000
BABINGI 3600.00000 BA833G2 900.000000 BABENS1 150.000000
BASZQK1 949455.000 BASzVGl 4160.00000 BABZVG2 450.000000
BRSZvY1 5000.00000 BETAhl 2.20000000 B5TAM1 2.20000000

BETAXINK1 1.57080000 BETAR1 0.98622300 CQLIDi 2.81433-05
CYL2 8.00000000 DLAY2 0.54768700 DELG1 0.93128300

DWLG2 1.18483-08 DZLI1-0.40188400 DELX1-0.34744000
DELR1 1.12960000 DELTA2 1.00000000 DELV 1.00005-04

DELVTQ1 0. DELWFl 1062.24000 DELVWFI 0.
DFL1-0.93544600 DFRL1-0.21369800 DMl 103.740000

DNGG1 9478.28000 DNPTi 103.740000 DNM311 180.000000
DQ4S1-396.767000 DQHR21 790.963000 DQPTR1 44713.1000

DRLLG1I 0.31609000 DRPHDT1 0.15117800 DT48S1-50.3455000
DT51HS1-50.5555000 DZ1 0.05000000 zOll 0.

3211 0.00422347 3221 0.25340800 3231 0.08446940
351 0.58562600 361 0. 371 0.18283100
381 0. 191 0.74586900 uAriRIx1 6.0439z-05

ZAYG1 2.21734000 EZAPGD 0.01030920 3&FG2 0.97231000
EAFG2D 0.15422600 KAFNI 1.97503000 3ArKID 0.12087800

ZAFYNIAX 3.00000000 KAFPX1IN 0. ZAFXAXG1 3.00000000
EAFPAXG2 3.00000000 SA M.NG1 0. EAPXING2 0.

,AFSH1 1.97509000 EDPPG1D-1.2195Z-04 EDPPG2D-6.2367Z-08
EDPPN1D 4.83013-05 Ell 0.91044500 E18M1 1.00000000

33FFB1 0.02055390 EIDSAT1 0.00124403 ENOGi 0.20020900
Z 1PTI 6.70890000 NMPT11 7.20000000 3PN1 1.68360000

3QPG1D 1.82283-04 3QPG2D-0.00232718 3QPX1D-3.85893-06
3QPPG1D 1.0163Z-04 EQPPG2D-0.00241289 EQPPN1D 3.5195Z-05

ZR1 0.98280500 ZRRBOUND 1.0000--04 1331 0.00124403
FARGO 0 FARG1 1 FARG2 2
FARG3 3 FARGSO 0 FARGS1 1

FARGS2 2 FARGS3 3 FULD2 0.
FUZL2XAX 1.00000000 FUM,2KIN 0. FULA.G2 0.04813480

Gil 0.22000000 G31 0.50000000 G51 0.50000000
GBETARi 30.0000000 GZAFGi 100.000000 GZAFG2 100.000000
GIAFNi 100.000000 GLARGXl 50.0000000 G01 1.50000000

GONALLi 5.00000000 GSP•'D1 5.00000000 3G1 0.92400000
3G2 1.91000000 1HP8 0.51678100 Dxl 1.28978000
3P1 23742.4000 3P1B 25000.0000 HP1D 23742.4000
PI 0. HP1ORD 0. HP1ORDI 0.

HPT1ORD 23742.4000 IAJXQK1 0.69177000 IAM1 0.59790000
ICLIK1 70.0000000 CElT'RLl 0.13876700 ICKTRL11 0.
ID1OR 1.00000000 IDB31 0. IDC1D-2.6964Z-05

IDCBG2 0. IDCON1 0.56063000 IDCRI 0.56063000
IDCR1D-1.10243-04 IDCR1DHAX 5.00000000 IDCRIDNIN-5.00000000

IDCRIAX 0.80000000 IDCR1KIN 0. IDG1 0.91921200
IDGl1C 0. IDGiM1 1.20009000 1DG2 0.
IDG2ZRR 0. IDG21C 0. IDG2N1 0.

ID11 0.48340000 IDL2 0.20285400 IDN1 0.48340000
IDN11C 0. IDRi 0.49861700 IDXE1 0.29149000
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IKlRi 0.01839460 IERRIIC 0. IGG1 566.778000
IITIDI 580.484000 IQBK1 0. IQCBG2 0.

1QG1 0.48329200 IQGIXC 0. IOlGlI 0.63096800
IQG2 0. IQG2ERR 0. ZQG21C 0.

IQG2X1 0. iQ11-0.35186500 IQL2-0.02892660
IQM1-0.35186500 IQIlC 0. IQR1 0.32994700
JJG 16505.0000 JJPROP 1.31303+06 JJPS 1.4790Z+06

JJPT1 2171.50000 JJBDFT 166000.000 KOORES 0.
K01RES 0.20233900 K02RES-0.05737380 K03RES 0.96980600
K04R.S-0.23175100 K05RES 8.65721000 K06RES-5.19908000
K07RES-23.5963000 KO8RES 15.9458000 K09RES 20.3595000
K1ORES-15.1637000 KALARK1 1 KBRAKE 1.00000000

KC11 0.50000000 KDFRQ 1.57080000 KGC 32.1740000
KGOV2 0.20000000 KHOLDPI1 0. KI 307.240000

KIGIM1 1.30556000 KIG2M1 1.86253000 KIR 2.00000000
IRWGlI1 1.08623000 KKWG2M1 0.16762800 KPNGG1 0.01017600

KQHP 5252.10000 KRAT1 0.16000000 IR&T31 10.0000000
KSHTDN1 1 ITBL1 0 KTURBO2 0.50000000

KVGIM1 0.83200000 KVG2M1 0.09000000 KVSHIP 0.00754970
KZG1M1 0.63727300 KZG2M1 0.04832140 LBRAKE F

LCBG2 F LDOPLR F LPWD1 T
LBFADR F LHOLD1PI T LNGG]A F
LPWRD1 F LSEA F LT541A T

MAXIT 10.0000000 MFKAC1 0.58200000 MFKFR1 0.17259000
MFKKV1 23.0000000 MFKl 4.60803-08 KFlq 159.400000

2091.30000 13659.6000 31 3369.03000
NIX 3600.00000 N2 934.875000 NERR1 230.969000
NGB 3600.00000 =GIB 9827.00000 NGGL1 9213.43000

NKAX2 950.000000 MUN2 400.000000 NP1PU 0.81708400
NPiPUI 5.38323-06 NP1RPK 118.247000 NP1RPRI 7.79053-04

NP2PU 0.81708400 NP2PUI 5.3832Z-06 NP2R1PW 7.7905E- 4
NP2RPM 118.247000 NPRPMB 144.719000 NPRPSB 2.41200000
NPTIB 3600.00000 NPTIORD 3600.00000 NPT1ORDI 3600.00000
UPTIR 3600.00000 NPTIRI 3600.00000 NPTL1 3354.45000
NPTQ1 147.287000 NPTQ1I 158.068000 NPTR1 3369.03000

NPTRII 3600.00000 NREF1 3672.00000 NS3T2 900.000000
P1 0.16000000 P2 14.6960000 P2T21 5.50753000

P541 56.4936000 P5411 21.3889000 P54L1 56.4636000
P54LL1 57.2223000 P54Q1 3.89374000 P54Q1I 1.47725000
P54R21 57.1851000 P54R211 21.3889000 PAMl 14.6960000

PCNTRL1 115.485000 PCNTRL1I 0. PCTID1 0.01000000
PHIPM1 2.20000000 PHISM1 0.20000000 PNGG1 93.8444000
PNGGR1 93.8444000 PNGGR1I 73.2049000 P831 253.043000
P8311 68.0631000 PS3R21 253.043000 PS3R21I 68.0631000

PS3WC1 252.498000 PWRD1 94.9695000 PWRD1I 0.
Ql 0.12000000 Q41 23079.1000 Q4R21 23079.1000

QCAL1 41020.6000 QCALII 0. QGB 36520.0000
QH1 394.196000 QLID1 319.431000 QLID1I 364.730000

QGAP1 7457.08000 QKAP1I 0. QUAPL1 7448.08000
QP1 734052.000 QP1F 10721.0000 QP1FI 92443.6000

QP1I-0.23332300 QP1PU 0.59242100 QPIPUI-1.88312-07
QP2 734052.000 QP2F 10721.0000 QP2FI 92443.6000

QP21-0.23332300 QP2PU 0.59242100 QP2PUI-1.8831Z-07
QPBJW3 1.2391Z+06 QPSBAF 92466.4000 QPT1 43638.4000

QPTIB 36473.0000 QPTIX 364.730000 QPT1PU 1.19492000
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QR•31 45000.0000 RDC1 0.02000000 RS1PU0 7.21271000
RS1PU1-6.77660000 RslPU2 0.46087200 RS11U3 0.17582400
R1FPU 1.07280000 IFIPUIO 0. RlsPU11 0.

RSlPU12 0. RslPU13 0. ISiPUI 0.
OAFRQ 1.04720000 SEATIlM 0. SUIGVL1 0.

SPDZRR11C 0. sPDERR2-34.8749000 SPDR'F1 0.90000000
SP3ZD=RR 0.11168500 SQRT'2 1.00000000 S1IXTCBVAR1 0.09909070

TOSFR 0. T2 518.700000 T41 2878.14000
T4P1 2928.49000 T4P1,I 2615.63000 T4R21 2928.49000
T4U1 6414.56000 TS11 2052.84000 TS1P1 2103.39000

T51PL1 1739.47000 T51Q1 0.97596500 T51R21 2103.39000
T51U1 7127.20000 T541 1530.03000 TABTR11 8.41437000

LPHi1(32) 999.900000 Z99976(16) 108.000000 Z99977(16) 999.900000
TAN 59.0000000 TAUBETAR1 0.01000000 TAUKAYGi 0.10000000

TAUZAPG2 0.10000000 TAUZAPW1 0.05000000 TAUFAST1 0.10000000
TAUGOV2 2.00000000 TAUSLOW1 20.0000000 TAUSPZED1 20.0000000

TC11 3.00000000 TDOPG1 3.19000000 TDOPG2 3.79000000
TDOPM1 2.10000000 TDOPPG1 0.04000000 TDOPPG2 0.38000000

TDOPPM1 0.03900000 TDT541(48) 99999.0000 Z99968(36) 68.3000000
99969(12) 99999.0000 TLG1-1.01349000 TEGlIC 0.

TEG2 0. TEN1 0.59237700 TLSX1 37012.8000
"TESNII 0. TOLAG1 7.16117000 THDOT21 3.4987Z-04
THZI'2N 1.00000000 THZTA2 1.00000000 'HRESHOLD1 0.10000000
TNTA2V 1.00000000 TIC1 113.500000 TICILL 13.0000000
TIClUL 113.500000 TICHD1 212.142000 TICHDII 13.0000000

TICN1 115.623000 TIC11 0. TICRLILL-89.0000000
TICRLlUL 22.5000000 TZCS1 96.4793000 TICS1I 13.0000000

TKAP(116) 950.000000 Z99997(96) 0.92280000 Z99998(20) 950.000000
THG2 8.95593-04 TINh1-0.59242100 TIM2-0.59242100

TORQ2 0. TPIPU 0.53850400 TPIPUI 0.
TP2PU 0.53850400 TP2PUZ 0. TQOPPG1 0.09000000

TQOPPG2 0.19000000 TQOPPM1 0.19300000 TSEA 6.00000000
TSTOP 20.0000000 TURBOLTG2 0.49955300 TUT4H1 0.41022900

TUT51H1 0.16882000 TYSOREF 696.262000 Ul 0.55184400
U1D-5.8413E-04 UAixl 0.99000000 UI(N1 0.

VDBIC 0. VDBUS 0.85570000 VDCBG2 1.1850Z-08
VDERR 0. VDG1 0.79261000 VDG2 1.18503-08
VDI1-0.35612300 VDK1-0.32093600 VDR1 0.88869400

VERRG1 0.02218370 V1RRG2 0.00987732 V11-0.88620300
Vi1 7.34400000 VmsrF 500.000000 VQl 9.00000000

VQBIC 1.00000000 VQBUS 0.46953700 VQCDG2 1.00012000
VQERR 0. VQG1 0.58953400 VQG2 1.00012000
VQI1 0.83790600 VQ l 0.88624600 VOR1 0.41967500

VQSF1 5000.00000 VR1 0.89704700 VRAT31 0.
VRSF1 360.000000 vs1pUO 1.00003-05 VS1PU1•O 0.24546500

VS1p1:OI 0. VS1PU2 0.75508800 VS1PU2I 0.
VS1PU3 0.65614000 VS1PU3I 0. VS1PU4 0.57015800

VS1PU4I 0. Vs1FP5 0.49544400 V81PU5I 0.
VS1PU6 0.43052000 Vs1PU6I 0. VS11U7 0.37410400

V81PU71 0. VS1PU8 0.32508100 VS1pu8I 0.
VS1PU9 0.28248200 V81F9PI 0. VS1PU 0.86895800

VT12 0.95268700 vT11 0.98781600 VTL2 1.00012000
VTM1 0.94256700 VTOP1 0. VTR3FG1 1.01000000

VTR3FG2 1.01000000 V tQo81 0. W41 127.411000
W4R21 127.411000 11541 140.978000 W54R21 140.978000
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WAVE 4.00000000 WEFSEA 1.04720000 WESEA 0.
WESEANG 0. WESNAX 0.10000000 WIAC1 12363.8000

WFSR21 11275.1000 WUElP , 12337.4000 WF3UEL11 2185.21000
UNM1 352.812000 WMG2D 0.08838670 WNlXD-0.00646367

WO 377.000000 WRM1ORD 1.00000000 WRN1ORDIC 1.00000000

WRNG1 0.93584200 WRNGIIC 1.00000000 WRNG2 1.03873000

WRNM1 0.78831500 WRNM2 0.78831500 IDC1 1.68000000
XDG1 1.77000000 XDG2 1.63000000 XDN1 1.76000000

XDMXQK1 0.60300000 XDPG1 0.18000000 XDPG2 0.25000000
XDPM1 0.60800000 XDPPG1 0.15000000 XDPPG2 0.18000000

XDPPN1 0.54200000 XG1 0.10000000 XG2 0.10000000
XK3L1 2.20000000 XL1 0.10000000 XX.G1 0.13000000

XLG2 0.07500000 XLN1 0.33700000 X1 0.10000000
XxV1 0.87075800 XQG1 1.64000000 XQG2 1.01000000
XQN1 1.15700000 XQPPG1 0.15000000 XQPPG2 0.28000000

XQPPK1 0.49400000 XVSOREF 207.220000 Z99885 0.

Z99886 0. Z99887 0. Z99888 0.62855300
Z99889 0. Z99891 1 Z99892 0.
Z99893 0. Z99894 0. Z99895 0.54962200

Z99896 0. Z99898 1 Z99899 0.46934900
Z99900 0. Z99901 0.46953800 Z99902 0.46949000
Z99903 0.46952500 Z99905 1 Z99906 0.85570000

399907 0. Z99908 0.85570000 Z99909 0.85587100
Z99910 0.85570700 Z99912 1 Z99920 0.09909070

Z99921 0.09909070 Z99945 6.70890000 Z99946 7.16117000
Z99949 8.20411000 Z99950 8.41437000 Z99960 47
Z99961 41 Z99962 63.1062000 Z99970 29

Z99971 96.4793000 Z99974 18 Z99975 13.0000000
Z99982 116 Z99983 98 Z99984 0.

ZZSEED 55555555
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Appendix E: Notes on Use of ACSL

At the beginning of this research seveul software packages were consider for

possible use. ACSL was selected primarily due to the availabft of preexsting code

written in that language. The PC-Wimdows version of ACSL was used throughout this

research. This section presents the author's views concerning this software package.

The author has previously used the UNIX version of ACSIL and was impresse

with its versatility and ease ofuse. The Windows version s vmy ume fiendly, but

command line editing is awkward and dficult. Wben IIeFimg a iumation, the user

inputs various commands from the "ACSL Iprna" With the UNIX sytm, the last

several commands issued can be recalled by pressing the up arrow key. The command can

then be edited as desired and executed by pressing the return key. The windows version

does not allow this type of editing. It is possible to open a separate window for command

editing, but this requires cutting and pasting with the mouse which can be time consuming.

It is not known ifthis limitation can be overcome by the ACSL authors or if it is a

limitation of the windows operating environment. Generating screen plots with ACSL is

straightforward, however the Windows version lacks the proper drivers to write the plots

into common PC based graphical formats for inclusion in word processor files. It will only

write the plots to bitmap or neutral plot files.

The ACSL macro language is very powerful. The concatenation feature of this

language is what made it possible to create the simulation models in an object oriented

manner. The latest version of ACSL can be purchased with a graphical front end, similar

to SIMULAB and SIMULINK which should only enhance the usefulness of the klnguage.
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One of the most useful features of the ACSL language is the numerous variety of

integration algorithms available for use. The algorithm can also be changed at run-time

without recompiling the model. This feature makes it very easy to compare one algorithm

against another. The author has found that the variable step algorithms work best with the

models developed herein. This is because there are several fast eigenvalues whose

transient decays rapidly at the beginning of a simulation. The variable step algorithms take

small steps until these transients die out, then are able to take larger steps during the

slower ship dynamics transients.

The ACSL package is a translator which writes a FORTRAN program. A separate

FORTRAN compiler is required to generate executable code from the ACSL written

program. For the DOS and Windows versions of ACSL, the Microsoft FORTRAN

Compiler is recommended. This compiler is fraught with problems. The simulations

developed herein use several separately written FORTRAN subroutines in the gas turbine

and ship dynamics models. These subroutines were up and operating on a UNIX system

when provided to the author. According to the documentation, the Microsoft compiler is

able to handle all UNIX extensions to FORTRAN-77 and provide many other extensions.

This is not the case. Much time was spent getting these programs to compile on the

Microsoft compiler when the same file would compile without error on the FORTRAN-77

compiler installed on project ATHENA. There were also occasional problems getting

ACSL written code to compile on the Microsoft compiler. This centered around the

definition of variables as LOGICAL type and is still not understood by the author. The

size of the programs was also a problem for the compiler. After several attempts at
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getting one simulation to compile, it was discovered from the Microsoft Helpline

consultant that a specfic command line switch must be set to compile any program over a

certain size. Of course there is no mention of this limitation in the compiler

documentation.

Simulation execution time became rather lengthy for the larger simulations. The

two generator system would run at about one second of simulation time for every 2-3

minutes of real time. Most of the simulations described in chapter 5 took 3-5 hours to

run. The PC used for simulations contained an Intel 80486-DX CPU operating at 33 MHz

(one of the faster PC's available at this time). It is recommended that any future research

in this area be carried out on a workstation or a mainframe computer.
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Appendix F: Dictionary of Variables

In any programming effort such as this there are a large number of variables and

constants which must be named. To aid in this task as well as increase the readability of

the code, a set of naming conventions was developed. This can be summarized by the

following rules:

1. All logical variables begin with the letter "L".

2. Controller gains begin with the letter "G".

3. Controller time constants begin with the letters "TAU".

4. Miscellaneous constants begin with the letter "K'.

5. Initial conditions add the suffix "IC" (or "I") to the base variable name.

6. Derivatives add the suffix "D" to the base variable name.

7. When macros are invoked in a program, the concatenation variable is used as a
designation of that unit Cie. GI for generator #1, MI for motor #1, etc.).

This convention evolved during the course of this research and parts of the code

were written by others, so currently it is not in 100% compliance with this convention.

However, the above rules are a useful guide to the reader in decyphering the code. What

follows is an alphabetical listing of variables with their meaning and units. As mentioned

previously, some of the code used was written previously by others, thus the purpose of

all internal variables is not known.
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1AFLI GT #1 MFC acceleration limit Unknown

AFRLI GT #1 MFC feedback signal Unknown

ALPHAI GT #1 PLA Degrees

ALPHAILL GT #1 PLA lower limit Degrees

ALPHAIUL GT #1 PLA upper limit Degrees

ALPHAG1 Gen. #1 Ratio of Reactances, See eq. (2.7) NONE

ALPHAG2 Gen. #2 Ratio of Reactances See eq. (2.7) NONE

ALPHAMI Mtr. #1 Ratio of Reactances See eq. (2.7) NONE

ALPHAM2 Mtr. #2 Ratio of Reactances, See eq. (2.7) NONE

ARLLGI. GT #1 MFC feedback signal IC Unknown

BASEKWG1 Gen. #1 Base Power KW

BASEKWG2 Gen. #2 Base Power KW

BASEKWMI Mtr. #1 Base Power KW

BASEKWM2 Mtr. #2 Base Power KW

BASENGI Gen #1 Base Speed RPM

BASENG2 Gen. #2 Base Speed RPM

BASENMI Mtr. #1 Base Speed RPM

BASENM2 Mtr. #2 Base Speed RPM

BASEQMI Mtr. #1 Base Torque FT.-LBF.

BASEQM2 Mtr. #2 Base Torque FT.-LBF.

BASEVG1 Gen. #1 Base Voltage Volts

BASEVG2 Gen. #2 Base Voltage Volts

BASEVM1 Mtr. #1 Base Voltage Volts

BASEVM2 Mtr. #2 Base Voltage Volts
BETAII Inverter #1 firing angle Radians

BETAI2 Inverter #2 firing angle Radians

BETAMI Inverter #1 firing angle Radians

BETAM2 Inverter #2 firing angle Radians

BETAMINM1 Inverter #1 minimum allowable firing angle Radians

BETAMINM2 Inverter #2 minimum allowable firing angle Radians

BETAMAXMI Inverter #1 maximum allowable firing angle Radians

BETAMAXM2 Inverter #2 maximum allowable firing angle Radians

BETAR1 Rectifier #1 firing angle Radians

BETAR2 Rectifier #2 firing angle Radians
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CQLIDI GT #1 load interface iaou constant FT-LB/RPM2

CYL2 Diesel #2 Number of Cylinders NONE

DELAY2 Diesel #2 Torque time lag Seconds

DELGI Gen. #1 Torque (or load) angle Radians

DELG2 Gen. #2 Torque (or load) angle Radians

DELI Inverter #1 Load angle Radians

DELl2 Inverter #2 Load angle Radians

DELMI Mtr. #1 Load angle Radians

DELM2 Mtr. #2 Load angle Radians

DELRI Rectifier #1 Load angle Radians

DELR2 Rectifier #2 Load angle Radians

DELTA2 GT #1 ambient pressure correction factor None
DELV Implicit equation solver increment step size None

DELVTQ1 GT #1 FSEE internal variable Unknown

DELWF1 GT #1 gas generator internal variable Unknown

DELWFII IC ofDELWFI Unknown

DFLI GT #1 MFC deceleration limit Unknown

DFRLI GT #1 MFC feedback signal Unknown

DNI Derivative of GT #1 power turbine speed RPM/Sec.

DNGG1 GT #1 demand gas generator speed RPM

DNPT1 Derivative of GT #C power turbine speed RPM/Sec.

DNREF1 GT #1 power turbine RPM rate limit RPM/Sec.

DQ4SI GT #1 gas generator internal variable Unknown

DQHR21 GT #1 gas generator internal variable Unknown
DQPTRI GT #1 power turbine internal variable Unknown

DRLLGII GT #1 internal variable Unknown

DRPMDT1 GT #1 FSEE internal variable Unknown

DT4HS1 GT #I power turbine internal variable Unknown

DT5IHSI GT #1 power turbine internal variable Unknown
DZ1 Hysterisis in motor #I speed control per unit

DZ2 Hysterisis in motor #2 speed control per unit

EOII GT #1 FSEE internal variable Unknown
E211 GT #1 FSEE internal variable Unknown

E221 GT #1 FSEE internal variable Unknown
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E23I GT #1 FSEE internal variable Unknown

E5I GT #1 FSEE internal variable Unknown

E61 GT #1 FSEE internal variable Unknown

E71 GT #1 FSEE internal variable Unknown

ESI GT #1 FSEE internal variable Unknown

E91 GT #1 FSEE internal variable Unknown

EAFERRMI Mtr. #1 Excitation excitation error signal per unit

EAFERRM2 Mtr. #2 Excitation excitation error signal per unit
EAFGI Gen. #1 Excitation per unit

EAFGID Gen. #1 Excitation derivative per unit

EAFGIIC Gen. #1 Excitation initial condition per unit
EAFG2 Gen. #2 Excitation per unit
EAFG2D Gen. #2 Excitation derivative per unit
EAFG2IC Gen. #2 Excitation initial condition per unit

EAFM1 Mtr. #1 Excitation per unit

EAFM1D Mtr. #1 Excitation derivative per unit
EAFMIIC Mtr. #1 Excitation initial condition per unit

EAFM2 Mtr. #2 Excitation per unit
EAFM2D Mtr. #2 Excitation derivative per unit

EAFM2IC Mtr. #2 Excitation initial condition per unit

EAFM1MAX Mtr. #1 Maximum excitation per unit

EAFM1MIN Mtr. #1 Minimum excitation per unit
EAFM2MAX Mtr. #2 Maximum excitation per unit

EAFM2MIN Mtr. #2 Minimum excitation per unit

EAFMAXG1 Gen. #1 Maximum excitation per unit

EAFMING1 Gen. #1 Minimum excitation per unit

EAFMAXG2 Gen. #2 Maximum excitation per unit

EAFMING2 Gen. #2 Minimum excitation per unit
EAFSMI Mtr. #1 Excitation set point per unit

EAFSM2 Mtr #2 Excitation set point per unit

EDPPGI Gen #1 D-axis voltage behind subtransient reactance per unit

EDPPG1D EDPPGI derivative per unit/Sec.
EDPPGIIC EDPPG1 initial condition per unit

EDPPG2 Gen #2 D-axis voltage behind subtransient reactance per unit
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EDPPG2D EDPPG2 derivative per unit/Sec.

EDPPG2IC EDPPG2 initial condition per unit

EDPPMI Mtr #1 D-axis voltage behind subtransient reactance per unit

EDPPMID EDPPMI derivative per unit/Sec.

EDPPMIIC EDPPM1 initial condition per unit

EDPPM2 Mtr #2 D-axis voltage behind subtransient reactance per unit

EDPPM2D EDPPM2 derivative per unit/Sec.

EDPPM2IC EDPPM2 initial condition per unit

EIl Inverter #1 AC-side voltage magnitude per unit

E12 Inverter #2AC-side voltage magnitude per unit

EISMI Mtr #1 desired stator flux magnitude per unit

EISM2 Mtr #2desired stator flux magnitude per unit

EMFFBI GT #1 MFC internal constant Unknown

EMFSAT1 GT #1 MFC internal variable Unknown

ENGGI GT #1 gas generator speed error signal RPM

ENPTI GT #1 FSEE internal variable Unknown

ENPTII GT #1 FSEE internal variable Unknown

EPM1 Round rotor component of EISMI per unit

EPM2 Round rotor component of EISM2 per unit

EQPG1 Gen #1 Q-axis voltage behind transient reactance per unit

E(I'1D EQPG1 derivative per unit/Sec.

EQPGIIC EQPG1 initial condition per unit

EQPG2 Gen #2 Q-axis voltage behind transient reactance per unit

EQPG2D EQPG2 derivative per unit/Sec.

EQPG21C EQPG2 initial condition per unit

EQPM1 Mtr #1 Q-axis voltage behind transient reactance per unit

EQPM1D EQPM1 derivative per unit/Sec.

EQPMIIC EQPMI initial condition per unit

EQPM2 Mtr #2 Q-axis voltage behind transient reactance per unit

EQPM2D EQPM2 derivative per unit/Sec.

EQPM2IC EQPM2 initial condition per unit

EQPPG1 Gen #1 Q-axis voltage behind subtransient reactance per unit

EQPPGID EQPPG1 derivative per unit/Sec.

EQPPGIIC EQPPGI initial condition per unit
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EQPPG2 Gen #2 Q-axis voltage behind subtransient reactance per unit
EQPPG2D EQPPG2 derivative per unit/Sec.
EQPPG2IC EQPPG2 initial condition per unit
EQPPMI Mtr #1 Q-axis voltage behind subtransient reactance per unit
EQPPM1D EQPPMI derivative per unit/Sec.

EQPPMIIC EQPPMI initial condition per unit

EQPPM2 Mtr #2 Q-axis voltage behind subtransient reactance per unit

EQPPM2D EQPPM2 derivative per unit/Sec.
EQPPM2IC EQPPM2 initial condition per unit
ERI Rectifier #1 AC-side voltage magnitude per unit
ER2 Rectifier #2 AC-side voltage magnitude per unit
ERRBOUND Max allowable error for implicit loop solve routine per unit
ERX1 GT #1 MFC internal variable Unknown
FARGO Function look up table index None
FARGI Function look up table index None
FARG2 Function look up table index None
FARG3 Function look up table index None
FARGSO Function look up table index None
FARGSI Function look up table index None
FARGS2 Function look up table index None
FARGS3 Function look up table index None
FUEL2 Diesel #2 fuel rack position per unit
FUEL2MAX Diesel #2 fuel rack maximum position per unit
FUEL2MIN Diesel #2 fuel rack minimum position per unit
FUELAG2 Diesel #2 injection delay Seconds
GIl GT #1 power turbine torque limit gain None
G31 GT #1 power turbine RPM limit gain None
G51 GT #1 power turbine RPM rate limit gain None
GBETARI Rectifier #1 firing angle controller gain None
GBETAR2 Rectifier #2 firing angle controller gain None
GEAFGI Gen. #1 Excitation controller gain None
GEAFG2 Gen. #2 Excitation controller gain None
GEAFMI Mtr. #1 Excitation controller gain None
GEAFM2 Mtr. #2 Excitation controller gain None
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GLARGEI Mtr. #1 speed control "fast mode" gain None

GLARGE2 Mtr. #2 speed control "fast mode" gain None
GML Mtr. #1 braking resistor conductance value per unit
GM2 Mtr. #2 braking resistor conductance value per unit

GSMALLl Mtr. #1 speed control "slow mode" gain None

GSMALL2 Mtr. #2 speed control "slow mode" gain None
GSPEEDM Mtr. #1 speed control gain None

GSPEED2 Mtr. #2 speed control gain None
HGE Gen. #1 inertia constant Seconds

HG2 Gen. #2 inertia constant Seconds
HHPS Propeller / shaft inertia constant Seconds
HMI Mtr. #1 inertia constant Seconds

HM2 Mtr. #2 inertia constant Seconds

HPI GT #1 generator horsepower Horsepower
HPIB GT #I power turbine base horsepower Horsepower

HPID GT #1 limited horsepower demand Horsepower

HPII GT #I generator horsepower IC Horsepower

HP1ORD GT #1 ordered horsepower (constant power mode) Horsepower

HPIORDI GT #1 ordered horsepower IC(const. power mode) Horsepower
HPTIORD GT #1 ordered horsepower Horsepower

IAJXQM1 Product of motor current and xq per unit
IAJXQM2 Product of motor current and xq per unit
IAMI Mtr #1 armature current magnitude per unit

IAM2 Mtr #2 armature current magnitude per unit

ICLIMI GT #1 governor integral control limit Unknown

ICNTRLI GT #1 governor integral control Unknown

ICNTRLII GT #1 governor integral control IC Unknown
IDIGR Unknown Unknown

IDBMI Mtr. #1 braking resistor D-axis current per unit

IDBM2 Mtr. #2 braking resistor D-axis current per unit
IDCI Freq. changer #1 DC-link current per unit

IDCID Freq. changer #1 DC-link current derivative per unit

IDClIC Freq. changer # DC-link current IC per unit

IDC2 Freq. changer #2 DC-link current per unit
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IDC2D Freq. changer #2 DC-link current derivative per unit

IDC2IC Freq. changer #2 DC-link current IC per unit

IDCBG2 Gen. #2 circuit breaker D-axis current per unit

IDCOM1 Freq. changer #1 commanded DC-link current per unit

IDCOM2 Freq. changer #2 commanded DC-link current per unit

IDCRI Freq. changer #1 reference DC-link current per unit

IDCRID Freq. chgr. #1 reference DC-link current derivative per unit/Sec.

IDCRIDMAX Freq. chgr. #1 ref. DC-link current deriv. max limit per unit/Sec.

IDCRIDMIN Freq. chgr. #1 ref. DC-link current deriv. min limit per unit/Sec.
IDCR1MAX Freq. chgr. #1 ref. DC-link current max limit per unit

IDCRIMIN Freq. chgr. #1 ref DC-link current min limit per unit
IDCRIIC Freq. changer #1 reference DC-link current IC per unit

IDCR2 Freq. changer #2 reference DC-link current per unit

IDCR2D Freq. chgr. #2 reference DC-link current derivative per unit/Sec.

IDCR2IC Freq. changer #2 reference DC-link current IC per unit
IDCR2DMAX Freq. chgr. #2 ref. DC-link current deriv. max limit per unit/Sec.

IDCR2DMIN Freq. chgr. #2 ref DC-link current deriv. min limit per unit/Sec.
IDCR2MAX Freq. chgr. #2 ref DC-link current max limit per unit

IDCR2MIN Freq. chgr. #2 ref DC-link current min limit per unit

IDGI Gen. #1 D-axis stator current per unit

IDGIIC Gen. #1 D-axis stator current IC per unit

IDGIMI Gen. #1 D-axis stator current on Mtr. #1 base per unit

IDG2 Gen. #2 D-axis stator current per unit

IDG2ERR Gen. #2 D-axis stator current error per unit

IDG2IC Gen. #2 D-axis stator current IC per unit
IDG2MI Gen. #2 D-axis stator current on Mtr. #1 base per unit

)DII Inverter #1 D-axis current per unit

ID12 Inverter #2 D-axis current per unit

IDL2 Ship's service load D-axis current per unit

IDMI Mtr. #1 D-axis stator current per unit

IDMIIC Mtr. #1 D-axis stator current IC per unit
IDM2 Mtr. #2 D-axis stator current per unit
IDM2IC Mtr. #2 D-axis stator current IC per unit

IDRI Rectifier #1 D-axis current per unit
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IDR2 Rectifier #2 D-axis current per unit

IDXMI Mtr. #1 salient component of armatrue reaction flux per unit

IDXM2 Mtr. #2 salient component of armatrue reaction flux per unit

IERRI Freq. chgr. #1 DC-link current error per unit

IERRIlC Freq. chgr. #1 DC-link current error IC per unit
IERR2 Freq. chgr. #2 DC-link current error per unit

IERR2IC Freq. chgr. #2 DC-link current error IC per unit

IGGI GT. #1 gas generator inertia constant lbm-ft2

UTIDI Unknown Unknown

IQBMI Mtr. #1 braking resistor Q-axis current per unit

IQBM2 Mtr. #2 braking resistor Q-axis current per unit

IQCBG2 Gen. #2 circuit breaker Q-axis current per unit
IQG1 Gen. #1 Q-axis stator current per unit

IQGIlC Gen. #1 Q-axis stator current IC per unit

IQG2 Gen. #2 Q-axis stator current per unit
IQG2ERR Gen. #2 Q-axis stator current error per unit

IQG2IC Gen. #2 Q-axis stator current IC per unit

IQG2M1 Gen. #2 Q-axis stator current on Mtr. #1 base per unit

IQII Inverter #1 Q-axis current per unit

IQ12 Inverter #2 Q-axis current per unit

IQL2 Ship's service load Q-axis current per unit

IQMI Mtr. #1 Q-axis stator current per unit

IQMIIC Mtr. #1 Q-axis stator current IC per unit

IQM2 Mtr. #2 Q-axis stator current per unit

IQM2IC Mtr. #2 Q-axis stator current IC per unit
IQRI Rectifier #1 Q-axis current per unit
IQR2 Rectifier #2 Q-axis current per unit

JJG GT #1 generator inertia Ibm-ft2

JJPROP Propeller inertia Ibm-ft2

JJPS Propeller & shaft inertia Ibm-ft2

JJPTI GT #1 power turbine inertia Ibm-ft

JJS-IFT Propeller shaft inertia lbm-ft2

KMORES Ship hull dynamics constant Unknown

KOIRES Ship hull dynamics constant Unknown
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K02RES Ship hull dynamics constant Unknown

K03RES Ship hull dynamics constant Unknown

K04RES Ship hull dynamics constant Unknown

K05RES Ship hull dynamics constant Unknown

K06RES Ship hull dynamics constant Unknown

K07RES Ship hull dynamics constant Unknown

KOSRES Ship hull dynamics constant Unknown

K09RES Ship hull dynamics constant Unknown

KIORES Ship hull dynamics constant Unknown

KALARM GT #1 alarm condition flag None

KBRAKE1 Mtr. #1 braking resistor constant None

KBRAKE2 Mtr. #2braking resistor constant None

KCI I GT #1 governor gain None

KDFRQ Seaway encounter wavenumber Rad. I Ft.

KGC GT #1 pounds mass to slugs conversion factor Ibm-ft /
lbf-sec

KGOV2 Diesel #2 governer gain None

KHOLDPII GT #1 governor limit constant None

KI GT #1 rotational acceleration conversion factor Ibm-rpm-ft I
lbf-sec

KIGIMI Gen. #1 current base conversion factor None

KIG2MI Gen. #2 current base conversion factor None

KKWGIMI Gen. #1 power base conversion factor None

KKIG2MI Gen. #2 power base conversion factor None

KPNGG1 GT #1 percent base gas generator speed 1 / RPM

KQIHP GT #1 torque-rpm to horsepower conversion factor ft-lbf min-hp

KRATI GT #1 FSEE constant None

KRATEI GT #1 FSEE constant None

KSHTDNI GT #1 shutdown flag None

KTBLI GT #1 table overrun flag None

KTURBO2 Diesel #2 turbocharger constant None

KVGIMI Gen. #1 voltage base conversion factor None

KVG2MI Gen. #2 voltage base conversion factor None

KVSHIP Ship speed per unit conversion factor Unknown

KZGIMI Gen. #1 base impedance conversion factor None
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KZG2MI Gen. #2 base impedance conversion factor None

LBRAKEI Mtr. #1 braking condition logical flag None

LBRAKE2 Mtr. #2 braking condition logical flag None

LCBG2 Gen. #2 circuit breaker logical flag None

LDOPLR Seaway doppler logical flag None

LFWD1 Mtr. #1 forward torque logical flag None

LFWD2 Mtr. #2 forward torque logical flag None

LHEADR Headreach calculation logical flag (disabled) None
LHOLDIPI GT #1 governor logical flag None

LNGG1A GT #1 alarm flag None

LPWRDI GT #1 power demand flag None

LSEA Seaway flag None

LT541A GT #1 alarm flag None

MAXIT Maximum # of iterations for implicit loop solutions None

MFKAC1 GT #1 MFC constant Unknown

MFKFR1 GT #1 MFC constant Unknown

MFKMVI GT #1 MFC constant Unknown

MFKNI GT #I MFC constant Unknown

MFWi GT #1 MFC constant array Unknown

NI Gen. #1 speed RPM

Nil Gen. #1 speed IC RPM

N2 Gen. #2 speed RPM

NERRI Gen. #1 speed error RPM

NGB Genarator base rpm RPM

NGG1B GT #1 base gas generator speed RPM

NGGLI GT #1 MFC output gas generator speed RPM

NMAX2 Diesel #2 maximum speed RPM

NMIN2 Diesel #2 minimum speed RPM

NPIPU #1 Propeller shaft speed per unit

NPIPUI #1 Propeller shaft speed IC per unit

NPIRPM #1 Propeller shaft speed RPM

NPIRPMI #I Propeller shaft speed IC RPM

NP2PU #2 Propeller shaft speed per unit

INP2PUI #2 Propeller shaft speed IC per unit
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NP2RPM #2 Propeller shaft speed RPM

NP2RPMI #2 Propeller shaft speed IC RPM

NPRPMB Base propeller speed RPM

NPRPSB Base propeller speed RPS

NPTIB GT #1 power turbine base speed RPM

NPTIORD GT #1 power turbine ordered speed RPM

NPTIORDI GT #1 power turbine ordered speed IC RPM

NPTIR GT #1 power turbine reference speed RPM

NPTIRI GT #1 power turbine reference speed IC RPM

NPTLI GT #1 FSEE internal variable Unknown

NPTQI GT #1 FSEE internal variable Unknown

NPTQII GT #1 FSEE internal variable IC Unknown

NPTRI GT #I power turbine internal variable Unknown

NPTRII GT #1 power turbine internal variable IC Unknown

NREFI GT #1 power turbine speed limit RPM

NSET2 Diesel #2 governor setpoint speed RPM

P1 Ship's service real load power setting per unit

P2 GT #1 compressor inlet pressure psia

P2T21 GT #1 FSEE internal constant Unknown

P541 GT #1 power turbine exhaust pressure psia

P541I GT #1 power turbine exhaust pressure IC psia

P54L1 GT #1 FSEE internal constant Unknown

P54LLI GT #1 FSEE internal constant Unknown

P54QI GT #1 FSEE internal constant Unknown

P54QII GT #1 FSEE internal constant IC Unknown

P54R21 GT #1 internal constant Unknown

P54R211 GT #I internal constant IC Unknown

PAMB Ambient pressure psia

PCNTRLI GT #1 governor proportional control None

PCNTRLII GT #1 governor proportional control IC None

PCTIDI Unknown Unknown

PHIPMI Mtr. #1 armature current angle Radians

PHIPM2 Mtr. #2 armature current angle Radians

PHISMI Mtr #1 desired power factor angle Radians

266



PHISM2 Mtr #2 desired power factor angle Radians

PNGGI GT #1 percent gas generator speed percent

PNGGRI GT #1 gas generator internal variable Unknown

PNGGRII GT #1 gas generator internal variable IC Unknown

PS31 GT #I compressor discharge pressure psia

PS311 GT #I compressor discharge pressure IC psia

PS3R21 GT #1 gas generator internal variable Unknown

PS3R21I GT #1 gas generator internal variable IC Unknown

PS3WCI GT #1 MFC internal variable Unknown

PWRDI GT #1 governor power demand percent

PWRDII GT #1 governor power demand IC percent

Q1 Ship's service load reactive power setting per unit

Q41 GT #1 gas generator internal variable Unknown

Q4R21 GT #1 gas generator internal variable Unknown

QCALI GT #1 FSEE internal variable Unknown

QCALII GT #1 FSEE internal variable Unknown

QGB Gen. #1 base torque Ft-lbf

QHI GT #1 gas generator internal variable Unknown

QLIDI GT #I internal variable Unknown

QLIDII GT #1 internal variable Unknown

QMAPI GT #1 FSEE internal variable Unknown

QMAPII GT #1 FSEE internal variable Unknown

QMAPL1 GT #1 FSEE internal variable Unknown

QPI #1 propeller shaft torque Ft-lbf

QPIF #1 propeller shaft friction torque Ft-lbf

QPIFI #1 propeller shaft friction torque IC Ft-lbf

QPII #1 propeller shaft torque IC Ft-lbf

QPIPU #1 propeller shaft torque per unit

QPIPUI #1 propeller shaft torque per unit

QP2 #2 propeller shaft torque Ft-lbf

QP2F #2 propeller shaft friction torque Ft-lbf

QP2FI #2 propeller shaft friction torque IC Ft-lbf

QP2I #2 propeller shaft torque IC Ft-lbf

QP2PU #2 propeller shaft torque per unit
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QP2PUI #2 propeller shaft torque per unit

QPBASE Propeller shaft base torque per unit

QPSBAF Propeller shaft breakaway friction Ft-lbf

QPTl GT #1 power turbine torque Ft-lbf

QPTIB GT #1 power turbine base torque Ft-lbf

QPTII GT #1 power turbine torque IC Ft-lbf

QPT1PU GT #1 power turbine torque per unit

QREFI GT #1 torque reference Ft-lbf

RDCI #1 DC-link resistance per unit

RDC2 #2 DC-link resistance per unit

RS1PUO Ship resistance component Unknown
RSIPU1 Ship resistance component Unknown

RSlPU2 Ship resistance component Unknown

RS1PU3 Ship resistance component Unknown
RS1PU Ship resistance component Unknown

RSIPUIO Ship resistance component Unknown

RS1PUI1 Ship resistance component Unknown

RSIPUI2 Ship resistance component Unknown

RSIPUI3 Ship resistance component Unknown

RSIPUI Ship resistance component Unknown

SEAFREQ Doppler shifted wave frequency Rad. / Sec.

SEATIME Phase shifted time for seaway calculation Seconds

SNEGVL1 GT #1 FSEE internal variable Unknown

SPDERRIIC #I shaft speed error IC per unit

SPDERR2 Diesel #2 speed error RPM

SPDERR2IC #2 shaft speed error IC per unit

SPDREFI Propeller #1 shaft speed reference per unit

SPDREF2 Propeller #2 shaft speed reference per unit

SPEEDERRI Propeller #1 shaft speed error per unit

SPEEDERR2 Propeller #2 shaft speed error per unit

SQRTH2 GT #1 nondimensional temperature constant None

SWITCHVARI Propeller #I shaft speed error with hysterisis per unit

SWITCHVAR2 Propeller #2 shaft speed error with hysterisis per unit
TOSEA Time reference for seaway calculations Seconds
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T2 GT #1 compressor inlet temperature * R

T41 GT #1 gas generator internal variable Unknown

T4P1 GT #1 gas generator internal variable Unknown

T4PLI GT #1 gas generator internal variable Unknown

T4R21 GT #1 gas generator internal variable Unknown

T4UI GT #1 gas generator internal variable Unknown

T511 GT #1 gas tenerator exhaust temperature 0 F

T51PI GT #I power turbine internal variable Unknown

T51PLI GT #I power turbine internal variable Unknown

T51Q1 GT #1 power turbine internal variable Unknown

T51R21 GT #1 power turbine internal variable Unknown

T51U1 GT #1 power turbine internal variable Unknown

T541 GT #1 power turbine inlet temperature o F

TABTR1I GT #1 FSEE internal variable Unknown

TALPHA1 GT #1 governor load compensation value None

TAMB GT #1 ambient temperature * F

TAUBETARI Rectifier #1 controller time constant Seconds

TAUBETAR2 Rectifier #2 controller time constant Seconds

TAUEAFG1 Gen. #1 field excitation controller time constant Seconds

TAUEAFG2 Gen. #2 field excitation controller time constant Seconds

TAUEAFM1 Mtr. #1 field excitation controller time constant Seconds

TAUEAFM2 Mtr. #2 field excitation controller time constant Seconds

TAUFASTI Staff #I speed controller "fast mode" time constant Seconds

TAUFAST2 Stall #2 speed controller "fast mode" time constant Seconds

TAUGOV2 Diesel #2 governer time constant Seconds

TAUSLOWI Staff #1 speed controller "slow mode" time constant Seconds

TAUSLOW2 Star #2 speed controller "slow mode" time constant Seconds

TAUSPEEDI Staff #I speed controller time constant Seconds

TAUSPEED2 Stall #2 speed controller time constant Seconds

TCI 1 GT #1 governor time constant Seconds

TDOPGI Gen. #1 D-axis open circuit transient time constant Seconds

TDOPG2 Gen. #2 D-axis open circuit transient time constant Seconds

TDOPMI Mtr. #1 D-axis open circuit transient time constant Seconds

TDOPM2 Mtr. #2 D-axis open circuit transient time constant Seconds
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TDOPPGI Gen. #1 D-axis open ckt subtransient time constant Seconds

TDOPPG2 Gen. #2 D-axis open ckt subtransient time constant Seconds

TDOPPMI Mtr. #1 D-axis open ckt subtransient time constant Seconds

TDOPPM2 Mtr. #2 D-axis open ckt subtransient time constant Seconds

TDT541 GT #1 gas gen. exhaust to PT inlet temp difference °F

TEGI Gen. #1 electromagnetic torque per unit

TEGIIC Gen. #1 electromagnetic torque IC per unit

TEG2 Gen. #2 electromagnetic torque per unit

TEG2IC Gen. #2 electromagnetic torque IC per unit

TEMI Mtr. #1 electromagnetic torque per unit

TEM2 Mtr. #2 electromagnetic torque per unit

TESMI Gen. #1 electromagnetic torque for GT use ft-lbf

TESMII Gen. #1 electromagnetic torque for GT use IC ft-lbf

TGLAGI GT #1 FSEE internal variable Unknown

THDOT21 GT #1 internal variable Unknown

THET2N GT #1 nondimensional constant None

THETA2 GT #1 nondimensional temperature None

THRESHOLD I Shaft #1 speed error required for switching control per unit
modes

THRESHOLD2 Shaft #2 speed error required for switching control per unit
modes

THTA2V GT #1 constant None

TICI GT #1 throttle input command Degrees

TICILL GT #1 throttle input command lower limit Degrees

TIC1UL GT #1 throttle input command upper limit Degrees

TICMD1 GT #1 governor control signal Degrees

TICMDII GT #1 governor control signal IC Degrees

TICNI GT #1 governor PI control signal Degrees

TICNII GT #1 governor PI control signal IC Degrees

TICRLILL GT #1 governor control signal lower rate limit Deg. / Sec.

TICRLIUL GT #1 governor control signal upper rate limit Deg. / Sec.

TICSI GT #1 governor power demand control signal Degrees

TICSII GT #1 governor power demand control signal IC Degrees

TMAP Diesel #1 torque map table per unit

TMG2 Gen. #2 mechanical torque per unit
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TMMI Mtr. #1 mechanical torque per unit

TMM2 Mtr. #2 mechanical torque per unit

TORQ2 Diesel #2 instantaneous torque per unit

TPIPU Shaft #1 propeller thrust per unit

TPIPUI Shaft #1 propeller thrust IC per unit

TP2PU Shaft #2 propeller thrust per unit

TP2PUI Shaft #2 propeller thrust IC per unit

TQOPPG1 Gen. #1 Q-axis open ckt subtransient time constant Seconds

TQOPPG2 Gen. #2 Q-axis open ckt subtransient time constant Seconds

TQOPPMI Mtr. #1 Q-axis open ckt subtransient time constant Seconds

TQOPPM2 Mtr. #2 Q-axis open ckt subtransient time constant Seconds

TSEA Seaway wave period Seconds

TSTOP Simulation termination time Seconds

TURBOLAG2 Diesel #2 turbocharger lag Seconds

TUT4H1 GT #1 gas generator internal variable Unknown

TUT51HI GT #1 power turbine internal variable Unknown

TVSOREF Reference ship stopping time Seconds

UI Rectifier #1 control variable None

UID Rectifier #1 control variable IC None

U2 Rectifier #2 control variable None

U2D Rectifier #2 control variable IC None

UMAXI Rectifier #1 control variable maximum value None

UMAX2 Rectifier #2 control variable maximum value None

UMINI Rectifier #1 control variable minimum value None

UMIN2 Rectifier #2 control variable minimum value None

VDBIC Bus D-axis voltage IC per unit

VDBUS Bus D-axis voltage per unit

VDCBG2 Gen. #2 circuit breaker voltage per unit
VDERR D-axis voltage error for implicit loop calculation per unit

VDGI Gen. #1 D-axis terminal voltage per unit

VDG2 Gen. #2 D-axis terminal voltage per unit

VDII Inverter #1 D-axis terminal voltage per unit

VDI2 Inverter #2 D-axis terminal voltage per unit

VDMI Mtr. #1 D-axis terminal voltage per unit
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VDM2 Mtr. #2 D-axis terminal voltage per unit

VDRI Rectifier #1 D-axis terminal voltage per unit

VDIR Rectifier #2 D-axis terminal voltage per unit

VERRGI Gen. #1 terminal voltage error per unit

VERRG2 Gen. #2 terminal voltage error per unit

VII Inverter #1 DC-side voltage per unit

V12 Inverter #2 DC-side voltage per unit

VNI GT #1 FSEE power turbine speed reference voltage volts

VNSFI GT #1 FSEE power turbine speed scale factor RPM I volt

VQ1 GT #1 FSEE power turbine torque reference voltage volts

VQBIC Bus Q-axis voltage IC per unit

VQBUS Bus Q-axis voltage per unit

VQCBG2 Gen. #2 circuit breaker voltage per unit

VQERR Q-axis voltage error for implicit loop calculation per unit

VQG1 Gen. #1 Q-axis terminal voltage per unit

VQG2 Gen. #2 Q-axis terminal voltage per unit

VQII Inverter #I Q-axis terminal voltage per unit

VQI2 Inverter #2 Q-axis terminal voltage per unit

VQMI Mtr. #1 Q-axis terminal voltage per unit

VQM2 Mtr. #2 Q-axis terminal voltage per unit

VQR1 Rectifier #1 Q-axis terminal voltage per unit

VQR2 Rectifier #2 Q-axis terminal voltage per unit

VQSF1 GT #1 FSEE power turbine torque scale factor lbf-ft / volt

VR1 Rectifier #1 DC-side voltage per 1l--it

VR2 Rectifier #1 DC-side voltage per unit

VRATEI GT #1 FSEE rate limit volts

VRSF1 GT #1 FSEE rate limit scale factor rpm / sec-volt

VSIPUO Zero ship speed per unit

VS1PUIO (Ship speed)'0  per unit

VSlPUlOI (Ship speed)'0 IC per unit

VSIPU2 (Ship speed)2  per unit

VSIPU2I (Ship speed)2 IC per unit

VS1PU3 (Ship speed)3  per unit

VSIPU3I (Ship speed)3 IC per unit
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VSIPU4 (Ship speed)4  per unit

VSIPU4I (Ship speed)' IC per unit

VSIPU5 (Ship speed)5  per unit

VSIPU5I (Ship speed)5 IC per unit

VSIPU6 (Ship speed)' per unit

VSIPU6I (Ship speed)' IC per unit

VS IPU7 (Ship speed)y per unit

VS1PU7I (Ship speed)y IC per unit

VSIPU8 (Ship speed)S per unit

VSIPU8I (Ship speed)' IC per unit

VS1PU9 (Ship speed)9  per unit

VS IPU9I (Ship speed)9 IC per unit

VS1PU Ship speed per unit

VT12 Unknown Unknown

VTGI Gen. #1 terminal voltage per unit

VTG2 Gen. #2 terminal voltage per unit

VTMI Mtr. #1 terminal voltage per unit

VTM2 Mtr. #2 terminal voltage per unit

VTOPI GT #1 topping governor value Unknown

VTREFG1 Gen. #1 terminal voltage reference value per unit

VTREFG2 Gen. #2 terminal voltage reference value per unit

VTRQGS1 GT #1 FSEE torque limiting value Unknown

W41 GT #1 gas generator internal variable Unknown

W4R21 GT #1 gas generator internal variable Unknown

W541 GT #1 power turbine internal variable Unknown

W54R21 GT #1 power turbine internal variable Unknown

WAVE Seaway wave wavelength per unit

WEFSEA Radian frequency of waves Rad. / Sec.

WESEA Seaway velocity factor per unit

WESEAMG Seaway internal varialbe Unknown

WESMAX Maximum sea induced variation in ship speed per unit

WFACI GT #1 MFC internal variable Unknown

WFSR21 GT #1 gas generator internal varaible Unknown

WFUELI GT #1 MFC fuel flow rate Unknown
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WFUELII GT #1 MFC fuel flow rate IC Unknown

WMGI Gen. #1 rotational speed Rad. / Sec.

WMG2 Gen. #2 rotational speed Rad. / Sec.

WMG2D Gen. #2 rotational acceleration Rad. / Sec.2

WMM1 Mtr. #1 rotational speed (electrical) Rad. / Sec.

WMMID Mtr. #1 rotational acceleration Rad. / Sec.2

WMMIIC Mtr. #1 rotational speed IC Rad. / Sec.

WMM2 Mtr. #2 rotational speed (electrical) Rid. / Sec.
WMM2D Mtr. #2 rotational acceleration Rad. / Sec.2

WMM2IC Mtr. #2 rotational speed IC Rad. / Sec.

WO Base electrical frequency Rid. / Sec.

WRNIORD GT #1 ordered speed per unit

WRNIORDIC GT #1 ordered speed IC per unit

WRNG1 Gen. #1 rotational speed per unit

WRNGIIC Gen. #1 rotational speed IC per unit

WRNG2 Gen. #2 rotational speed per unit

WRNG2IC Gen. #2 rotational speed IC per unit

WRNMI Mtr. #1 rotational speed per unit

WRNM2 Mtr. #2 rotational speed per unit

XDCI DC-link #1 reactance per unit

XDC2 DC-link #2 reactance per unit

XDGI Gen. #1 D-axis synchronous reactance per unit

XDG2 Gen. #2 D-axis synchronous reactance per unit

XDM1 Mtr. #1 D-axis synchronous reactance per unit

XDM2 Mtr. #2 D-axis synchronous reactance per unit

XDMXQM1 Mtr. #1 difference between Xd and Xq per unit

XDMXQM2 Mtr. #2 difference between Xd and Xq per unit

XDPGI Gen. #1 D-axis transient reactance per unit

XDPG2 Gen. #2 D-axis transient reactance per unit

XDPMI Mtr. #1 D-axis transient reactance per unit

XDPM2 Mtr. #2 D-axis transient reactance per unit

XDPPGI Gen. #1 D-axis subtransient reactance per unit

XDPPG2 Gen. #2 D-axis subtransient reactance per unit

XDPPM1 Mtr. #1 D-axis subtransient reactance per unit
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XDPPM2 Mtr. #2 D-axis subtransient reactance per unit
XGI Gen. #1 Transmission line reactance per unit
XG2 Gen. #2 Transmission line reactance per unit
XK3L1 GT #1 FSEE internal variable Unknown

XLI Rectifier #1 transmission line reactance per unit

XLG1 Gen. #1 leakage reactance per unit
XLG2 Gen. #2 leakage reactance per unit

XLMl Mtr. #1 leakage reactance per unit

XLM2 Mtr. #2 leakage reactance per unit

XM1 Mtr. #1 transmission line reactance per unit
XMVI GT #1 MFC internal variable Unknown

XQG1 Gen. #1 Q-axis synchronous reactance per unit

XQG2 Gen. #2 Q-axis synchronous reactance per unit

XQMI Mtr. #1 Q-axis synchronous reactance per unit

XQM2 Mtr. #2 Q-axis synchronous reactance per unit

XQPPG1 Gen. #1 D-axis subtransient reactance per unit

XQPPG2 Gen. #2 D-axis subtransient reactance per unit

XQPPM1 Mtr. #1 D-axis subtransient reactance per unit

XQPPM2 Mtr. #2 D-axis subtransient reactance per unit

XVSOREF Reference ship stopping distance Unknown
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